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Abstract 
Barnyardgrass remains one of the most difficult weeds to manage in rice. As herbicide 
resistance in this species, as well as others, continues to increase new control options are needed. 
Dow AgroSciences recently discovered and is developing a new herbicide for rice which is the 
primary focus of this research. Experiments were conducted to characterize this new herbicide 
for its use and effectiveness in midsouthern U.S. rice systems. The research conducted herein 
covers various aspects of herbicide characterization including: barnyardgrass dose response, 
accession testing, spectrum of control and tank-mix capability, application optimization, soil 
carryover and plant back determination, drift onto susceptible crops, drift onto reproductive 
soybean and its impact on the subsequent offspring, and radiolabeled isotope absorption, 
translocation, and metabolism. In a dose-response experiment, susceptible-, acetolactate synthase 
(ALS)-, propanil-, and quinclorac-resistant barnyardgrass biotypes ED90 values for percent 
control, plant height, and biomass reductions of all resistant biotypes fell within the anticipated 
labeled rate of 30 g ha-1. Based on these results, quinclorac-resistant barnyardgrass as well as 
other resistant biotypes can be controlled with florpyrauxifen-benzyl, even with quinclorac 
having a similar mechanism of action. Florpyrauxifen-beznyl appeared to have significant tank-
mix flexibility with other commonly applied rice herbicides. Increasing the rate of methylated 
seed oil (MSO) improved weed control with both formulations of florpyraixifen-benzyl. In 
addition, flooding shortly after application enhanced barnyardgrass and yellow nutsedge control. 
Plant back study results support a relatively short replant interval for soybean (≤2 months) after 
florpyrauxifen-benzyl application to rice. Additionally, it is believed that florpyrauxifen-benzyl 
will only present slight risks for off-target movement to vegetative soybean. However, high drift 
rates (1/20x) of florpyrauxifen-benzyl during R1 to R4 significantly reduced soybean plant 
 height >25% and yield. Germination, stand, plant height, and yield of the progeny from dicamba- 
and florpyrauxifen-benzyl-treated soybean plants were significantly affected. Furthermore, 
research on radiolabeled florpyrauxifen-benzyl suggests that for barnyardgrass, hemp sesbania, 
and yellow nutsedge soil moisture can play a significant role in absorption, translocation, and 
metabolism. These results indicate this new herbicide will provide control of numerous 
problematic weed species, but users will need to be mindful of soybean sensitivity.  
  
 
Acknowledgements 
 
The author would like to thank the Arkansas Rice Promotion Board and Dow AgroSciences. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Table of Contents 
General Introduction ............................................................................................................. 1 
Literature Cited ................................................................................................................. 4 
Evaluation of Florpyrauxifen-benzyl on Herbicide-Resistant and -Susceptible 
Barnyardgrass Accessions ..................................................................................................... 6 
Abstract ............................................................................................................................. 6 
Introduction ....................................................................................................................... 8 
Materials and Methods ...................................................................................................... 9 
Results and Discussion ..................................................................................................... 12 
Literature Cited ............................................................................................................... 17 
Evaluation of Florpyrauxifen-benzyl Control Spectrum and Tank-Mix Compatibility with other 
Commonly Applied Herbicides in Rice......................................................................................31 
Abstract ........................................................................................................................... 31 
Introduction ..................................................................................................................... 33 
Materials and Methods .................................................................................................... 35 
Results and Discussion ..................................................................................................... 38 
Literature Cited ............................................................................................................... 43 
Influence of Formulation, Herbicide Rate, Adjuvant Rate, Spray Volume, and Timing of 
Flood Establishment on Florpyrauxifen-benzyl Efficacy .................................................... 50 
Abstract ........................................................................................................................... 50 
Introduction ..................................................................................................................... 52 
Materials and Methods .................................................................................................... 54 
Results and Discussion ..................................................................................................... 57 
Literature Cited ............................................................................................................... 63 
Assessment of Florpyrauxifen-benzyl Potential to Carryover to Corn, Cotton, Grain 
Sorghum, Soybean, and Sunflower...................................................................................... 70 
Abstract ........................................................................................................................... 70 
Introduction ..................................................................................................................... 72 
Materials and Methods .................................................................................................... 74 
Results and Discussion ..................................................................................................... 78 
Literature Cited ............................................................................................................... 82 
Determination of Common Row Crop Sensitivity to Reduced Rates of Foliar-Applied 
Florpyrauxifen-benzyl ......................................................................................................... 93 
Abstract ........................................................................................................................... 93 
Introduction ..................................................................................................................... 95 
Materials and Methods .................................................................................................... 97 
Results and Discussion ................................................................................................... 101 
Literature Cited ............................................................................................................. 107 
Soybean Sensitivity to Low Rates of Florpyrauxifen-benzyl During Reproductive Growth 
and Its Impact on the Subsequent Progeny ....................................................................... 114 
Abstract ......................................................................................................................... 114 
Introduction ................................................................................................................... 116 
Materials and Methods .................................................................................................. 118 
Results and Discussion ................................................................................................... 121 
 Literature Cited ............................................................................................................. 125 
Influence of Soil Moisture on Absorption, Translocation, and Metabolism of 
Florpyrauxifen-benzyl in Barnyardgrass, Hemp Sesbania, and Yellow nutsedge ............ 130 
Abstract ......................................................................................................................... 130 
Introduction ................................................................................................................... 132 
Materials and Methods .................................................................................................. 134 
Results and Discussion ................................................................................................... 138 
Literature Cited ............................................................................................................. 143 
General Conclusions .......................................................................................................... 148 
 
 
  
List of Tables 
 
Chapter 1 
Table 1. Barnyardgrass accessions listed by county, crop, and global positioning system 
coordinates from which they were collected in 2015 ................................................................ 19 
Table 2. Response, height reduction, and dry weight reductions of 152 barnyardgrass accessions 
21 days after application of florpyrauxifen-benzyl at 30 g ae ha-1 . ........................................... 23 
       
 
Chapter 2 
Table 1. Greenhouse evaluation of florpyrauxifen-benzyl versus common rice herbicides on 
visible control, plant height, and biomass of broadleaf signalgrass, barnyardgrass, Amazon 
sprangletop, and large crabgrass 14 days after application, averaged over experimental runs  ..... 45 
Table 2. Greenhouse evaluation of florpyrauxifen-benzyl versus common rice herbicides on 
visible control, plant height, and above ground dried biomass of northern jointvetch, hemp 
sesbania, pitted morningglory,and palmer amaranth 14 days after application, averaged over 
experimental runs.   ................................................................................................................ 46 
Table 3. Greenhouse evaluation of florpyrauxifen-benzyl versus common rice herbicides on 
visible control, plant height, and above ground dried biomass of yellow nutsedge, rice flatsedge, 
and smallflower umbrellasedge 14 days after application, averaged over experimental runs  ..... 47 
Table 4. Field experiment conducted near Stuttgart, AR on effect of POST application of 
commercially available contact rice herbicides alone or in combination with florpyrauxifen-
benzyl on observed and expected control of barnyardgrass, hemp sesbania, and yellow nutsedge 
14 days after treatment, years combined.  ................................................................................ 48 
Table 5. Field experiment conducted near Stuttgart, AR on effect of POST application of 
commercially available systemic rice herbicides alone or in combination with florpyrauxifen-
benzyl on observed and expected control of barnyardgrass, hemp sesbania, and yellow nutsedge 
14 days after treatment, years combined.  ................................................................................ 49  
 
Chapter 3 
Table 1. Influence of formulation, herbicide rate, and adjuvant use on control and height of 
barnyardgrass, broadleaf signalgrass, and yellow nutsedge 28 days after application of 
florpyrauxifen-benzyl, averaged over 2014 and 2015 ............................................................... 65 
Table 2. Influence of formulation, herbicide rate, and adjuvant use on control and height of hemp 
sesbania, Palmer amaranth, and pitted moringglory 28 days after an application of 
florpyrauxifen-benzyl, averaged over 2014 and 2015.  ............................................................. 66 
Table 3. Influence of herbicide rate, application volume, and adjuvant use on control and height 
of barnyardgrass, broadleaf signalgrass, and yellow nutsedge 28 days after application of 
florpyrauxifen-benzyl, averaged over 2014 and 2015  .............................................................. 67 
Table 4. Influence of herbicide rate, application volume, and adjuvant use on on control and 
height of hemp sesbania, palmer amaranth, and pitted morningglory 28 days after application of 
florpyrauxifen-benzyl, averaged over 2014 and 2015 ............................................................... 68 
 Table 5. Influence of flooding on control, height, and above ground dried biomass of quinclorac-
resistant barnyardgrass and als-resistant yellow nutsedge 28 days after flooding following 
florpyrauxifen-benzyl application, averaged over 2014 and 2015  ............................................ 69 
 
Chapter 4 
Table 1.  Rainfall and irrigation amounts observed throughout the year after florpyrauxifen-
benzyl applications near Stuttgart and Pine Tree, AR  .............................................................. 84 
Table 2. Injury of crops 28 days after planting the subsequent season after an application of 
florpyrauxifen-benzyl on a silt loam soil near Stuttgart and Pine Tree, AR, averaged over 
locations ................................................................................................................................ 85 
Table 3. Height of crops 28 days after planting the subsequent season after an application of 
florpyrauxifen-benzyl on a silt-loam soil in Stuttgart and Pine Tree, AR, averaged over locations 
 .............................................................................................................................................. 86 
Table 4. Aboveground biomass of crops 28 days after planting the subsequent season after an 
application of florpyrauxifen-benzyl on a silt-loam soil in Stuttgart and Pine Tree, AR, averaged 
over locations  ........................................................................................................................ 87 
Table 5. Rainfall and irrigation amounts observed after florpyrauxifen-benzyl applications prior 
to planting soybean in Fayetteville, AR.a,b ............................................................................... 88 
Table 6. Effect of florpyrauxifen-rate on recovery of the parent molecule and its primary 
metabolites from a silt loam soil in Fayetteville, AR, averaged over 2014 and 2015.   ............... 89 
Table 7. Effect of application timing on recovery of the parent molecule and its primary 
metabolites from a silt loam soil in Fayetteville, AR, averaged over 2014 and 2015 .................. 90 
Table 8. Effect of florpyrauxifen-benzyl rate and application on soybean injury, plant height, and 
grain yield, averaged over 2014 and 2015 ................................................................................ 91 
 
Chapter 5 
Table 1. Effect of florpyrauxifen-benzyl drift rate on corn, sorghum, soybean, cotton, and 
sunflower injury, plant height and biomass reduction, averaged over experimental runs  ......... 109 
 
Chapter 6 
Table 1. Soybean injury, plant height reduction, and yield as affected by drift rates of dicamba or 
florpyrauxifen-benzyl applied at various reproductive growth stages, years combined a............ 127 
Table 2. Soybean offspring germination reduction and accelerated aging as affected by drift rates 
of dicamba or florpyrauxifen-benzyl applied at various reproductive growth stages, years 
combineda  ........................................................................................................................... 128 
Table 3. Reduction in offspring of soybean stand reduction, plant height reduction, and yield as 
affected by drift rates of dicamba or florpyrauxifen-benzyl applied at various reproductive 
growth stages, years combineda.  ........................................................................................... 129 
 
Chapter 7 
Table 1. Influence of weed species, harvest time, and soil moisture on foliar absorption and 
translocation of 14C-florpyrauxifen-benzyl, averaged across experimental runs  ...................... 145 
 Table 2. Influence of weed species, harvest time, and soil moisture on metabolism of 
florpyrauxifen-benzyl in the treated leaf, averaged across experimental runs .......................... 146 
 List of Figures 
 
Chapter 1 
Figure 1. A total of 152 barnyardgrass accessions were collected from 21 Arkansas counties 
(shaded in gray).  See Table 1 for the number of samples collected from each county  .............. 27 
Figure 2. Susceptible and acetolactate synthase-, propanil-, and quinclorac-resistant 
barnyardgrass control 21 days after treatment with florpyrauxifen-benzyl. Regression parameters 
correspond to the four-parameter log-logistic regression model Y= C+{D-C/1+exp[B(logX-
logE)]}where Y is the response, X is the dose of florpyrauxifen-benzyl, B is the slope of the 
curve, C is the lower limit, D is the upper limit, and E is the inflection point for the fitted line. 
Model paremeters and standard errors included: B (-1.97, ±0.4), C (21.2, ±1.3), D (99.8, ±0.2), 
ED50 (13.8,±2.2), ED90 (25.7,±1.9).  ........................................................................................ 28 
Figure 3. Susceptible and acetolactate synthase-, propanil-, and quinclorac-resistant 
barnyardgrass height reduction 21 days after treatment with florpyrauxifen-benzyl. Regression 
parameters correspond to the four-parameter log-logistic regression model Y= C+{D-
C/1+exp[B(logX-logE)]}where Y is the response, X is the dose of florpyrauxifen-benzyl, B is the 
slope of the curve, C is the lower limit, D is the upper limit, and E is the inflection point for the 
fitted line Model paremeters and standard errors included: B (-2.91,±0.4), C (11.8, ±1.1), D 
(98.4, ±0.5), ED50 (15.9, ±0.6), ED90 (28.6, ±0.9).  ................................................................... 29 
Figure 4. Susceptible and acetolactate synthase-, propanil-, and quinclorac-resistant 
barnyardgrass biomass reduction 21 days after treatment with florpyrauxifen-benzyl. Regression 
parameters correspond to the four-parameter log-logistic regression model Y= C+{D-
C/1+exp[B(logX-logE)]}where Y is the response, X is the dose of florpyrauxifen-benzyl, B is the 
slope of the curve, C is the lower limit, D is the upper limit, and E is the inflection point for the 
fitted line Model paremeters and standard errors included: B (-2.31, ±0.1), C (6.1, ±0.7), D (73.9, 
±1.2), ED50 (20.2, ±0.8), ED90 (28.1, ±0.5)............................................................................... 30 
 
Chapter 4 
Figure 1. Degradation pathway for florpyrauxifen-benzyl parent and primary metabolites. 
Source: Dow AgroSciences LLC............................................................................................. 92 
 
Chapter 5 
Figure 1. Soybean injury 28 days after treatment (DAT) as affected by rate of dicamba or 
florpyrauxifen-benzyl applied at V3 or R1 growth stages at Fayetteville in 2014 and 2015. 
Abbreviations: V3, vegetative third trifoliate; R1, reproductive first bloom; a, asymptote of 
the curve; b, growth point of the curve. Two parameter exponetial model Y = a*exp(b*X) 
where Y is the response, a is the asymptote, and b is the growth rate: 
Dicamba rate vs V3 y = 129.10exp(0.2515x) 
Dicamba rate vs R1 y = 128.14exp(0.2219x) 
Florpyrauxifen-benzyl rate vs V3 y = 910.13exp(0.9746x) 
Florpyrauxifen-benzyl rate vs R1 y = 912.02exp(0.9817x) 
    .......................................................................................................................................... 110 
Figure 2. Soybean symptomology 28 days after treatment (DAT) as affected by 1/160x rate of 
dicamba or florpyrauxifen-benzyl.   ...................................................................................... 111 
Figure 3. Soybean height reduction 28 days after treatment (DAT) as affected by rate of 
dicamba or florpyrauxifen-benzyl applied at V3 or R1 growth stages at Fayetteville in 2014 
and 2015. Abbreviations: V3, vegetative third trifoliate; R1, reproductive first bloom; a, 
asymptote of the curve; b, growth point of the curve. Two parameter exponetial model Y = 
a*exp(b*X) where Y is the response, a is the asymptote, and b is the growth rate: 
Dicamba rate vs V3 y = 126.14exp(0.2725x) 
Dicamba rate vs R1 y = 127.08exp(0.2627x) 
Florpyrauxifen-benzyl rate vs V3 y = 908.21exp(0.9814x) 
Florpyrauxifen-benzyl rate vs R1 y = 910.14exp(0.9823x) 
Nontreated soybean measured 41 and 73 cm 28 DAT for V3 and R1 growth stages respectively 
   .......................................................................................................................................... 112 
Figure 4. Soybean yield reduction as affected by rate of dicamba or florpyrauxifen-benzyl 
applied at V3 or R1 growth stages at Fayetteville in 2014 and 2015. Abbreviations: V3, 
vegetative third trifoliate; R1, reproductive first bloom; a, asymptote of the curve; b, 
growth point of the curve. . Two parameter exponetial model Y = a*exp(b*X) where Y is the 
response, a is the asymptote, and b is the growth rate: 
Dicamba rate vs V3 y = 125.26exp(0.2589x) 
Dicamba rate vs R1 y = 126.64exp(0.2439x) 
Florpyrauxifen-benzyl rate vs V3 y = 907.47exp(0.9814x) 
Florpyrauxifen-benzyl rate vs R1 y = 908.83exp(0.9874x) 
Nontreated soybean yielded 2, 788 kg ha- 
  ........................................................................................................................................... 113 
 
Chapter 7 
Figure 1. Florpyrauxifen-benzyl structure for the formulated benzyl ester parent and primary 
metabolites. Source: Dow AgroSciences LLC ....................................................................... 147 
 
 
 
 
 
 
 1 
 
General Introduction 
Rice (Oryza sativa L.) is a major agronomic crop worldwide and is a primary food source 
for much of the world’s population. In the United States, rice production primarily takes place in 
six states: Arkansas, California, Louisiana, Mississippi, Missouri, and Texas. Of the six rice 
producing states, over 70% of all harvested rice in 2014 came from the Midsouthern states: 
Arkansas, Louisiana, Mississippi, and Texas with Arkansas representing the nation’s largest 
producer (USDA 2014). In 2015, Arkansas alone harvested over 445,000 ha-1 of rice, which was 
valued at an estimated $1.3 billion (NASS 2013; USDA 2014). Historically, rice produced in 
these states has been flooded to reduce the establishment of broadleaf and grass weeds (Smith 
and Fox 1973).  
As with any crop, effective weed control is essential for adequate rice production. 
Through advancements in agriculture technologies, industry has developed rice cultivars 
resistant to the application of a herbicide. In today’s market, herbicide-resistant rice is 
commercially available and is planted on a portion of rice hectares (Norsworthy et al. 2013). 
Imidizolinone-resistant, nontransgenic, Clearfield® (BASF Corporation, 26 Davis Drive, 
Research Triangle Park, NC 27709) rice cultivars exhibit resistance to applications of 
imazethapyr and imazamox herbicides. These herbicides belong to a herbicide family that 
inhibits acetolacatate synthase (ALS). This technology was initially developed to control grass 
and broadleaf weeds in rice by allowing producers to make applications of imazethapyr and 
imazamox herbicides without damaging the rice crop. Imidizolinone-resistant rice provided 
growers a management tool capable of effective weed control, which led to widescale adoption 
and a lack of diverse weed control tactics. Rotating herbicide sites of action (SOA) is a widely 
recommended practice to mitigate herbicide resistance evolution. More specifically, the high 
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level of competiveness and ever-present risk for evolution of herbicide resistance makes 
barnyardgrass [Echinochola crus-galli (L.) Beauv.] particularly concerning.  
Prior to 1990, herbicide-resistant weeds were not known to occur in rice, which is likely 
due to the lack of a herbicide resistance-screening program available during that time. Since its 
introduction in 1959, rice farmers used propanil extensively, and in 1990, barnyardgrass resistant 
to propanil was confirmed (Baltazar and Smith 1994). Since the evolution of propanil-resistant 
barnyardgrass, the number of weeds that have been confirmed resistant to propanil as well as 
other herbicides has grown exponentially. Many of the rice farmers today are relying heavily 
upon crop consultants for their herbicide recommendations, many of whom lack formal weed 
science training (Norsworthy et al. 2007). Since barnyardgrass is a grass, achieving control of 
this weed in grass crops such as rice can be difficult where it gains a competitive advantage due 
to its C4 photosynthetic pathway, allowing the weed to proliferate in the high light and high 
temperature environments commonly found in the rice producing regions (Mitich 1990). Of 
additional concern, barnyardgrass can reach heights over 1.5 m tall with a large inflorescence 
capable of producing over 39,000 seeds plant-1 in rice (Bagavathiannan et al. 2012).  
Barnyardgrass, currently the most problematic weed in Arkansas rice (Norsworthy et al. 
2013) and historically one of the most problematic weeds in the world (Holm et al. 1997), has 
evolved resistance to at least 9 SOA worldwide and at least 7 SOA in the United States (Heap 
2016). In Arkansas rice, barnyardgrass has evolved resistance to propanil, quinclorac, 
clomazone, and ALS-inhibiting herbicides (Lovelace et al. 2002; Norsworthy et al. 2009; Wilson 
et al. 2011). 
Over the past decades, herbicides have become an invaluable tool to effectively and 
efficiently remove weeds from cropping systems. During the mid to late 20th century, chemical 
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companies were investing heavily into the discovery of novel herbicides. Appleby (2005) 
reported that there were 46 herbicide companies actively looking for new compounds in 1970, 17 
in 1990, and only 8 in 2005. From 1980 to 2009, over 130 new herbicide active ingredients were 
commercialized (Gerwick 2010). However, it is clear that the rate at which these herbicides are 
being discovered has rapidly declined over the past several decades. All of the herbicides 
available in crops today have SOA commercialized prior to the 21st century. With the 
commercialization of glyphosate and glyphosate-resistant (GR) crops in 1996, many companies 
slowed or stopped their herbicide discovery programs and company mergers were commonplace 
following the launch of GR crops. Following the introduction of GR crops, the average number 
of U.S. herbicide patents per year dropped from 5.5 to <2 (Gerwick 2010). Recently, however, 
widespread glyphosate resistance within weeds has restored interest by companies into herbicide 
discovery. Duke (2012) reported that there are numerous favorable target sites currently unused 
by the 20 SOA currently available on the market, leaving ample room for new SOA 
development.   
Widespread occurrence of weeds resistant to current SOA emphasizes the need for new 
herbicide active ingredients that utilize unique, alternative mechanisms of action. With the recent 
investments by agrichemical companies to search for new herbicides, several new technologies 
will become commercially available in the near future such as florpyrauxifen-benzyl (LoyantTM 
with RinskorTM Active, Dow AgroSciences LLC, Indianapolis, IN). Understanding how this new 
herbicide will perform and behave in the environment will be critical. Therefore, with the 
introduction of a new herbicide in rice, research characterizing its potential fit in rice production 
systems will be needed.    
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Chapter 1 
Evaluation of Florpyrauxifen-benzyl on Herbicide-Resistant and –Susceptible 
Barnyardgrass Accessions  
Abstract 
Florpyrauxifen-benzyl is a new herbicide under development in rice that will provide an 
alternative site of action to control barnyardgrass. Multiple greenhouse experiments were 
conducted to evaluate florpyrauxifen-benzyl efficacy on barnyardgrass accessions collected in 
rice fields across Arkansas, and its efficacy on herbicide-resistant biotypes. In one experiment, 
florpyrauxifen-benzyl at the anticipated labled rate of 30 g ae ha-1 was applied to 152 
barnyardgrass accessions collected from 21 Arkansas counties. Results from this experiments 
show that florpyrauxifen-benzyl at 30 g ae ha-1 effectively controlling barnyardgrass and 
subsequently reduced plant height and  aboveground biomass. In a dose-response experiment, 
susceptible-, acetolactate synthase (ALS)-, propanil-, and quinclorac-resistant barnyardgrass 
biotypes were subjected to nine rates of florpyrauxifen-benzyl ranging from 0 to 120 g ae ha-1. 
The effective dose required to provide 90% control, plant height reduction, and biomass 
reduction of the susceptible and resistant biotypes fell below the anticipated labeled rate of 30 g 
ae ha-1. Based on these results, quinclorac-resistant barnyardgrass as well as other resistant 
biotypes can be controlled with florpyrauxifen-benzyl at 30 g ha-1. Overall, results from these 
studies indicate the potential for florpyrauxifen-benzyl to provide an effective tool for controlling 
susceptible and currently existing herbicide-resistant barnyardgrass biotypes in rice. 
Additionally, the unique auxin chemistry of florpyrauxifen-benzyl will introduce an alternative 
mechanism of action in rice weed control thus acting as an herbicide-resistance management 
tool.  
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Nomenclature: Florpyrauxifen-benzyl; barnyardgrass, Echinochloa crus-galli (L.) Beauv.; rice, 
Oryza sativa L. 
Key words: barnyardgrass, dose-response, florpyrauxifen-benzyl, herbicide-resistance, weed 
control.  
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Introduction 
Barnyardgrass is a grass weed in the Poaceae family and is a summer annual that 
reproduces through seed (Bryson and DeFelice 2009). It can be identified by the collar region of 
the leaf, which has no ligule, auricles, or pubescents. Barnyardgrass is difficult to control mainly 
due to its ability to outcompete C3 grass crops, such as rice, due to its C4 photosynthetic pathway, 
allowing the weed to proliferate in the high light and high temperature environments commonly 
found in rice producing regions (Mitich 1990). The weed can also reproduce at a rate of 39,000 
seed per plant in rice and typically reaches heights over 1.5 m tall (Bagavathiannan et al. 2012).  
In rice, herbicides may be applied preemergence (PRE), delayed PRE (DPRE), early 
postemergence (EPOST), pre-flood (PREFLD), and POST flood (POSTFLD). Currently, the 
soil-applied herbicides registered for control of barnyardgrass in U.S. rice include: clomazone 
(WSSA group 12), quinclorac (WSSA group 4), thiobencarb (WSSA group 8), imazethapyr 
(WSSA group 2), and pendimethalin (WSSA group 3). Bispyribac (WSSA group 2), cyhalofop 
(WSSA group 1), fenoxaprop (WSSA group 1), penoxsulam (WSSA group 2), propanil (WSSA 
group 7), and quinclorac can be applied POST for barnyardgrass control (Hardke 2014). 
Imazamox and imazethapyr (WSSA group 2) are also registered for use POST when planting an 
imidazoline-resistant (ClearfieldTM, BASF, Research Triangle Park, NC) rice cultivar (Hardke 
2014). However, ineffectiveness of herbicide applications on barnyardgrass can be attributed to 
resistance. Therefore, determining whether resistant populations exist within a field is 
imperative, as well as introducing a new site of action (SOA) (Norsworthy et al. 2012b).  
Currently, barnyardgrass has evolved resistance to at least 9 SOA worldwide and at least 
7 SOA in the United States (Heap 2016).  Rotating herbicide SOA is a widely recommended 
practice to mitigate herbicide resistance. The high level of competiveness and ever-present risk 
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for evolution of herbicide resistance makes barnyardgrass in particular concerning. In Arkansas 
rice, barnyardgrass is highly problematic and has evolved resistance to propanil, quinclorac, 
clomazone, and ALS-inhibiting herbicides (Lovelace et al. 2002; Norsworthy et al. 2009; 
Norsworthy et al. 2013; Wilson et al. 2011). To combat this troublesome weed, a new herbicide 
is being developed which is the second herbicide in a new structural class of synthetic auxins. 
The compound, florpyrauxifen-benzyl (LoyantTM with RinskorTM active, Dow AgroSciences 
LLC, Indianapolis, IN), will provide an alternative SOA in rice, thereby potentially providing 
effective control of propanil-, quinclorac-, clomazone-, and acetolactate synthase-resistant 
barnyardgrass in rice (Epp et al. 2016).  
Given its alternative SOA and potent herbicidal activity (Epp at al. 2016), it was 
hypothesized that florpyrauxifen-benzyl would provide a consistent, high level of control of 
barnyardgrass accessions collected from various fields and would control already existing 
herbicide-resistant biotypes. The objectives of this research were to (1) evaluate florpyrauxifen-
benzyl efficacy on barnyardgrass accessions collected in rice fields across Arkansas and (2) 
determine the dose necessary to provide effective control of herbicide-resistant barnyardgrass 
biotypes. 
Materials and Methods 
Accession Collection and Evaluation. Barnyardgrass panicles were collected from 152 
agricultural fields spanning 21 Arkansas counties during the fall of 2015 (Table 1; Figure 1). The 
number of panicles collected was dependent upon the density of the plants present within each 
field. During the time of collection, a handheld global positioning system was used to record the 
coordinates for each sampling location. Sampling sites were not pre-determined but instead were 
selected based on the presence of barnyardgrass during the time of collection. Therefore, the 
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presence or absence of herbicide resistance within each accession was not known during the time 
of collection. In addition, it was not known at the time of collection as to what herbicides the 
plants had been exposed to in that season or if the plants had emerged since the last herbicide 
application. Immediately after collection, plants were dried for 7 days in a greenhouse (32/22 C 
day/night temperatures), seed were threshed, and combined into a single composite sample for 
each accession. In addition, in order to overcome any dormancy, seed were stored at room 
temperature for approximately 4 months.  
 The greenhouse experiment was conducted during the spring of 2015 and repeated in the 
fall of the same year at the University of Arkansas - Altheimer laboratory located in Fayetteville. 
The experiment was arranged as a completely randomized design with four replications and was 
repeated. A total of four plants from each accession were planted in potting mix in a single 12-
cm-diameter pot and were subjected to an application of florpyrauxifen-benzyl at 30 g ae ha-1 
(anticapted labeled rate) or were left untreated. In order to simulate a realistic size of 
barnyardgrass plants during the pre-flood application timing, herbicide treatments were applied 
to three- to four-leaf seedling barnyardgrass plants that were approximately 12- to 16-cm in 
height. Applications were made inside of a stationary spray chamber with a two-nozzle boom 
track sprayer fitted with flat-fan 800067 nozzles (TeeJet Technologies, Springfield, IL) 
calibrated to deliver 187 L ha-1 at 276 kPa. Herbicide treatments also contained 2.5% v/v 
methylated seed oil concentrate (MSO concentrate with LECI-TECH, Loveland Products, 
Loveland, CO).   
 Visual estimates of control were recorded 21 days after treatment (DAT) on a 0 to 100 
scale where 0 represented no control and 100 represented complete control. More specifically, 
barnyardgrass control was determined by comparing the treated accession with its non-treated 
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control. Plant heights were also collected for each accession (treated and non-treated) 21 DAT. 
In addition, aboveground biomass was collected 21 DAT, oven dried at 66 C for 7 days, and 
weighed. For each accession, dry weights were then converted to a percent dry weight reduction 
relative to the non-treated control for each of the 152 accessions.  
 All data were analyzed in JMP (JMP Pro 12, SAS Institute Inc. Cary, NC 27513). Data 
collected from the barnyardgrass accessions for control, height reduction, and biomass reduction 
were subjected to ANOVA. However, none of the response parameters had significant F-tests 
(P0.05); therefore, individual means and standard errors (SE) of the means were reported.  
Dose-response on Herbicide-Resistant Biotypes.  An additional greenhouse experiment was 
conducted during the spring of 2015 and repeated during the fall of the same year. Previous 
results from the University of Arkansas herbicide-resistance screening program confirmed 
barnyardgrass biotypes resistant to several commonly applied rice herbicides such as propanil 
(WSSA group 7), quinclorac (WSSA group 4), and imazathapyr (WSSA group 2) (Norsworthy 
et al. 2012b). Progeny from these resistant biotypes were subsequently grown in a greenhouse to 
increase seed quantity for use in this experiment. Seed from each biotype were sown in 
individual pots in a greenhouse with 32/22 C day/night temperatures and later thinned to one 
plant per pot. The experiment was arranged as a completely randomized design with 20 
replications per biotype and herbicide dose.  
Four barnyardgrass biotypes were evaluated: propanil-resistant, quinclorac-resistant, 
ALS-resistant, and a known susceptible. Each of the four biotypes were treated with 
florpyrauxifen-benzyl at either 0, 5, 10, 15, 20, 30, 45, 60, or 120 g ha-1. As mentioned in the 
previous experiment, in order to simulate a realistic size of barnyardgrass plants during the 
PREFLD application timing, herbicide treatments were applied to three- to four-leaf seedling 
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barnyardgrass plants that were approximately 12- to 16-cm in height. Applications were made 
inside of the previously mentioned stationary spray chamber with the same spray parameters. 
Plant mortality, plant height, and aboveground biomass at 21 DAT were recorded using the 
procedure described above.  
 All data are presented as a percentage of the non-treated check for the parameters 
measured. Florpyrauxifen-benzyl dose was transformed using a log scale. All data were 
regressed in JMP using a four-parameter log-logistic regression model similar to the model 
described in previous dose-response experiments (Seefeldt et al. 1995): 
Y= C+{D-C/1+exp[B(logX-logE)]} 
where Y is the response, X is the dose of florpyrauxifen-benzyl, B is the slope of the curve, C is 
the lower limit, D is the upper limit, and E is the inflection point for the fitted line. The effective 
dose (ED) required to cause 50 and 90% response (ED50 and ED90) were also calculated. After 
initial model fit, nonlinear regression models were compared to deterime if significant 
differences between the curves existed as described by others (Bates and Watts 1988; Seefeldt et 
al. 1995).   
Results and Discussion 
Accession Collection and Evaluation. Of the 152 accessions evaluated in this experiment, 
florpyrauxifen-benzyl at 30 g ha-1 provided 96 to 99% control of all treated accessions (Table 2). 
Symptomology resulting from applications of florpyrauxifen-benzyl on barnyardgrass was 
displayed as twisting of stem and leaf tissue, basal swelling, followed by chlorosis and necrosis 
of aboveground tissue. Previous research has identified several effective control programs for 
managing herbicide-resistant barnyardgrass in rice (Wilson et al. 2014). However, with the 
sustained use of currently existing herbicide options, and as resistance continues to evolve, new 
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effective herbicides such as florpyrauxifen-benzyl have value in current rice production systems 
(Norsworthy et al. 2012a; Norsworthy et al. 2013). This is not to say that florpyrauxifen-benzyl 
alone will be an effective barnyardgrass management tool. It should instead be incorporated into 
a diverse weed management program. When a single management tactic is deployed and 
repeated without diversification resistance evolution is undoubtedly favored. Evidence of this 
occurrence can be seen in Asia where repeated hand weeding of barnyardgrass resulted in 
populations that are phenotypically similar to rice, making them difficult to differentiate at early 
vegetative growth stages (Barrett 1983). 
Much like control estimates, plant height reduction also exhibited no significant 
differences among the accessions with reductions ranging from 87 to 95% of the non-treated 
control. In addition, dry weight reductions across the accessions ranged from 93 to 99% of the 
non-treated control. Overall, the herbicide applied at the three- to four-leaf growth stage was 
deemed to be an effective option to control the 152 barnyardgrass accessions collected. A high 
level of visible control, plant height reductions, and biomass reduction was observed across all of 
the accessions evaluated, further highlighting the effectiveness of this new herbicide.  
Dose-response on Herbicide-Resistant Biotypes. After an inital model was fit for each of the 
biotypes evaluated, further analysis found no difference ((control, P=0.3106) (height reduction, 
P=0.2723) (biomass reduction, P=0.1982)) between the curves of the individual biotypes for the 
parameters evaluated. Therefore, a single curve was fit for each parameter. For the susceptible, 
ALS-, propanil-, and quinclorac-resistant biotypes evaluated in the dose-response study, the ED90 
value of percent control ranged from 25.7±1.9 of florpyrauxifen-benzyl (Figure 2). This rate falls 
below the anticipated labeled rate of 30 g ha-1 (H. Miller, personal communication). Therefore, 
florpyrauxifen-benzyl will provide an effective option for existing herbicide-resistant 
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barnyardgrass biotypes and serve as a resistance management tool with its unique binding site 
(Epp et al. 2016) (Figure 2). As stated previously, no significant differences were observed 
between the regression models, indicating that all of the biotypes evaluated in this experiment 
behaved similarly to applications of florpyrauxifen-benzyl regardless of their resistance level to 
other herbicides.   
 According to Mitich (1990), barnyardgrass growth and reproduction can be quite plastic 
depending on numerous environmental factors. Even so, each of the four biotypes had an ED90 
for plant height and biomass reductions of 28.6±0.9 and 28.1±0.5 for each of the responses, 
respectively (Figures 3 and 4). Another important consideration is this experiment was 
conducted in a greenhouse environment with the absence of flooding. In a typical rice field in the 
midsouthern United States, producers would likely flood shortly after a EPOST or PREFLD 
application (Hardke 2014). Barnyardgrass can be a large biomass accumulator as a result of its 
highly efficient C4 photosynthetic pathway allowing it to aggressively compete with C3 grass 
crops such as rice (Mitich 1990). Given the time between the herbicide application, and the 
collection of the response variables (21 DAT), non-treated controls were given ample time and 
conditions to accumulate vegetative tissue. Therefore, it was not surprising in this study to find 
that the proposed rate (30 g ha-1) reduced plant height and growth by 90%.  
 An observation worth noting in this experiment was florpyrauxifen-benzyl achieving 
control of the quinclorac-resistant biotype. As mentioned previously, no significant differences 
were observed among the regression models for any of the response variables collected (data not 
shown). This indicates that while quinclorac, an auxin herbicide in the quinolonecarboxylic acid 
family, is ineffective in cases where quinclorac-resistant barnyardgrass occurs, applications of 
florpyrauxifen-benzyl remain highly effective. Structurally, the florpyrauxifen acid is comprised 
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of a highly substituted 4-amino-pyridine ring (4-amino-3-chloro-6-(4-chloro-2-fluoro-3-
methoxyphenyl)-5-fluro-pyridine-2-benzel ester) and molecular studies found the new herbicide 
to exhibit strong binding affinity for auxin signaling F-box proteins with preference for the 
AFB5-Aux/IAA co-receptor, instead of favoring TIR1, which is the case with 2,4-D and several 
other auxin herbicides (Bell et al. 2015; Jeschke 2015a; Jeschke 2015b). Thus far, little evidence 
has been provided to indicate the mechanism of quinclorac resistance at this time (Gang et al. 
2013; Matzenbacher et al. 2015). Structurally, quinclorac is comprised of 3,7-dichloroquinoline-
8-carboxylic acid and in sensitive grass species, such as susceptible barnyardgrass, quinclorac 
stimulates phytotoxic levels of cyanide in plant tissue as a coproduct of the herbicide stimulating 
ethylene biosynthesis through preferential binding to the TIR1/AFB receptors (Grossman 2009). 
With the previous research conducted by Bell et al. (2015), it is believed that though structural 
differences and strong affinity for the AFB5 coreceptor, the acid form of florpyrauxifen exhibits 
unique auxin characteristics allowing for effective control of quinclorac-resistant barnyardgrass.  
Conclusions and Practical Implications. Results gathered from these experiments provide 
insight into the potential uses of florpyrauxifen-benzyl as a viable barnyardgrass control option 
in rice. Furthermore, this research highlights consistent barnyardgrass control with 
florpyrauxifen-benzyl and its efficacy at the recommended rate and use pattern. Therefore, we 
fail to reject our initial hypothesis and accept that florpyrauxifen-benzyl provided a consistent, 
high level of control of the 152 barnyardgrass accessions collected from various fields and will 
control already existing herbicide-resistant biotypes. However, this herbicide should not be the 
only weed management tactic deployed in a rice weed management program but should instead 
be integrated into a diverse control regime that utilizes multiple effective chemical and non-
chemical methods. Further research should focus on the characterization of florpyrauxifen-
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benzyl including molecular, greenhouse, and field research to continue to build a better 
understanding of the behavior of this new herbicide.    
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Table 1. Barnyardgrass accessions listed by county, crop, and global positioning system 
coordinates from which they were collected in 2015.  
Accession County Crop 
Latitude 
oN 
Longitude 
oW 
B1 Arkansas Rice 34.4463405 91.4151109 
B2 Arkansas Rice 34.3270369 91.3374147 
B3 Arkansas Rice 34.2978808 91.4494401 
B4 Arkansas Rice 34.3910797 91.5367691 
B5 Arkansas Rice 34.5524738 91.5549041 
B6 Arkansas Rice 33.8893793 91.4286561 
B7 Arkansas Rice 34.033778 91.3745647 
B8 Arkansas Rice 34.1521768 91.3456388 
B9 Arkansas Rice 34.3296273 91.2699796 
B10 Arkansas Rice 34.4102 91.78255 
B11 Arkansas Rice 34.4102 91.78256 
B12 Arkansas Rice 34.4102 91.78257 
B13 Arkansas Rice 34.4102 91.78258 
B14 Arkansas Rice 34.4102 91.78259 
B15 Arkansas Rice 34.4102 91.7826 
B16 Arkansas Rice 34.4102 91.78261 
B17 Arkansas Rice 34.4102 91.78262 
B18 Arkansas Rice 34.4102 91.78263 
B19 Arkansas Rice 34.4102 91.78264 
B20 Arkansas Rice 34.4102 91.78265 
B21 Arkansas Rice 34.4102 91.78266 
B22 Arkansas Rice 34.4102 91.78267 
B23 Arkansas Rice 34.4102 91.78268 
B24 Arkansas Rice 34.4102 91.78269 
B25 Arkansas Rice 34.4102 91.7827 
B26 Arkansas Rice 34.4102 91.78271 
B27 Arkansas Rice 34.4102 91.78272 
B28 Arkansas Rice 34.4102 91.78273 
B29 Arkansas Rice 34.4102 91.78274 
B30 Arkansas Rice 34.4102 91.78275 
B31 Arkansas Rice 34.4102 91.78276 
B32 Arkansas Rice 34.4102 91.78277 
B33 Arkansas Rice 34.4102 91.78278 
B34 Arkansas Rice 34.4102 91.78279 
B35 Arkansas Rice 34.4102 91.7828 
B36 Arkansas Rice 34.4102 91.78281 
B37 Arkansas Rice 34.4102 91.78282 
B38 Arkansas Rice 34.4102 91.78283 
B39 Arkansas Rice 34.4102 91.78284 
B40 Arkansas Rice 34.4102 91.78285 
B41 Arkansas Rice 34.2544 91.3837 
B42 Chicot Rice 33.572512 91.3722345 
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Table 1. Cont. 
Accession 
County Crop 
Latitude 
oN 
Longitude 
oW 
B43 Chicot Rice 33.3406166 91.2890905 
B44 Chicot Rice 33.1954032 91.263316 
B45 Chicot Soybean 33.0677235 91.2246363 
B46 Clay Rice 36.40806 90.735328 
B47 Clay Rice 36.594475 90.488565 
B48 Craighead Rice 35.9069991 90.4834937 
B49 Craighead Rice 35.7199595 90.570215 
B50 Craighead Rice 35.7774876 90.6246329 
B51 Craighead Rice 35.7196861 90.7692542 
B52 Craighead Rice 35.7644331 90.9245287 
B53 Crittenden Rice 35.2610744 90.6613812 
B54 Crittenden Rice 35.2626529 90.6572547 
B55 Crittenden Rice 35.3836169 90.3392934 
B56 Crittenden Rice 35.239712 90.3392934 
B57 Crittenden Rice 35.228646 90.33548 
B58 Cross Rice 35.393844 90.9846774 
B59 Cross Rice 35.4492637 90.7744268 
B60 Cross Rice 35.2477403 90.8719005 
B61 Cross Rice 35.122 90.5533 
B62 Cross Rice 35.2416 90.5933 
B63 Desha Rice 33.572639 91.3841214 
B64 Desha Rice 33.6732953 91.4234778 
B65 Desha Rice 36.2732865 90.4324571 
B66 Greene Rice 36.229809 90.717162 
B67 Greene Rice 35.993498 90.761475 
B68 Greene Rice 36.039321 90.775561 
B69 Greene Rice 36.0427225 90.723638 
B70 Greene Rice 36.185141 90.673253 
B71 Greene Rice 36.157063 90.692156 
B72 Greene Rice 36.047622 90.700868 
B73 Greene Rice 35.994836 90.468096 
B74 Greene Rice 36.159078 90.650396 
B75 Greene Rice 36.172977 90.698802 
B76 Greene Rice 35.997622 90.781177 
B77 Greene Rice 36.13263 90.726146 
B78 Jackson Rice 35.6508214 90.9980243 
B79 Jackson Rice 35.6543624 91.2016366 
B80 Jackson Rice 35.725033 91.1262676 
B81 Jackson Rice 35.5493823 91.2298309 
B82 Jackson Rice 35.3807646 91.230554 
B83 Jefferson Rice 34.191224 91.839473 
B84 Jefferson Rice 34.296461 91.872748 
B85 Jefferson Rice 34.446642 91.831334 
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Table 1. Cont.    
Accession County Crop 
Latitude 
oN 
Longitude 
oW 
B86 Jefferson Rice 34.319445 92.029412 
B87 Jefferson Rice 34.395969 91.785352 
B88 Jefferson Rice 34.381909 92.007911 
B89 Jefferson Rice 34.199078 92.0328279 
B90 Jefferson Rice 34.23512592 91.5344286 
B91 Jefferson Rice 34.22522948 91.46587352 
B92 Jefferson Rice 34.23416, 91.45449 
B93 Lawrence Soybean 35.969616 91.103013 
B94 Lawrence Soybean 35.895995 91.141818 
B95 Lawrence Soybean 35.991071 90.862209 
B96 Lee Rice 34.6551639 90.7682092 
B97 Lee Soybean 34.774574 90.7934578 
B98 Lee Rice 34.7753321 90.9713045 
B99 Lonoke Rice 34.7798073 91.7940842 
B100 Lonoke Rice 34.7637411 92.0285031 
B101 Lonoke Rice 34.7770391 91.914029 
B102 Lonoke Rice 34.5816891 91.8827061 
B103 Lonoke Rice 34.5590826 91.7182792 
B104 Lonoke Rice 34.8676284 91.8762102 
B105 Lonoke Rice 34.29902 91.48821 
B106 Lonoke Rice 39.331 91.562 
B107 Lonoke Rice 34.8816 91.7064 
B108 Mississippi Rice 35.6074633 90.1065288 
B109 Mississippi Rice 35.5489044 90.2490878 
B110 Mississippi Rice 35.7495978 90.1808899 
B111 Monroe Rice 34.6541746 91.4478909 
B112 Monroe Rice 34.6925677 91.2208029 
B113 Monroe Soybean 34.4179649 91.0727036 
B114 Monroe Rice 34.7759296 90.9712122 
B115 Phillips Rice 34.5262951 90.9614857 
B116 Phillips Rice 34.555491 90.7992283 
B117 Phillips Rice 34.3011159 90.8933353 
B118 Poinsett Rice 35.5285998 90.4463555 
B119 Poinsett Rice 35.5477874 90.5910773 
B120 Poinsett Rice 35.6778397 90.6148154 
B121 Poinsett Rice 35.5500872 90.7309779 
B122 Poinsett Rice 35.6118597 90.8851958 
B123 Poinsett Rice 35.411 90.519 
B124 Poinsett Rice 35.328 90.4959 
B125 Poinsett Rice 35.3945 90.5332 
B126 Poinsett Rice 35.2937 90.4923 
B127 Poinsett Rice 35.415 90.5332 
B128 Poinsett Rice 35.398 90.5455 
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Table 1. Cont.    
Accession County Crop 
Latitude 
oN 
Longitude 
oW 
B129 Poinsett Rice 35.2852 90.4816 
B130 Poinsett Rice 35.3148 90.4935 
B131 Poinsett Rice 35.2742 90.5133 
B132 Poinsett Rice 35.2741 90.513 
B133 Poinsett Rice 35.4021 90.5316 
B134 Prairie Rice 34.6846879 91.5592083 
B135 Prairie Rice 34.832665 91.5658005 
B136 Prairie Rice 34.9846655 91.5784436 
B137 Prairie Rice 34.8695496 91.4153025 
B138 Prairie Rice 34.7729704 91.49614 
B139 Prairie Rice 34.803476 91.6512889 
B140 Pulaski Rice 35.373619 91.009249 
B141 St. Francis Rice 35.13682 90.9012388 
B142 St. Francis Rice 34.9485526 90.5284839 
B143 St. Francis Rice 35.0366165 90.6876845 
B144 St. Francis Rice 35.1561871 90.8569215 
B145 St. Francis Rice 35.103683 90.9859453 
B146 St. Francis Rice 35.004519 91.2410647 
B147 Woodruff Rice 35.2876119 91.3474601 
B148 Woodruff Rice 35.1391146 91.2395161 
B149 Woodruff Rice 35.0602855 91.1223984 
B150 Woodruff Rice 35.2589086 91.0736227 
B151 Woodruff Rice 35.15298 91.1748 
B152 Woodruff Rice 35.1716 91.204 
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Table 2. Response, height reduction, and dry weight reductions of 152 
barnyardgrass accessions 21 days after application of florpyrauxifen-benzyl 
at 30 g ae ha-1.a  
Accessionb Controlcd 
Height 
reductioncd 
Dry weight 
reductioncd 
 % SE % SE % SE 
B1 96 1 92 1 95 1 
B2 97 0 90 3 97 1 
B3 97 1 90 0 93 1 
B4 97 1 91 3 96 0 
B5 99 0 92 1 95 2 
B6 96 1 91 0 94 0 
B7 98 1 89 2 96 1 
B8 96 1 90 1 98 1 
B9 96 0 90 1 93 1 
B10 97 2 90 1 96 1 
B11 97 1 92 0 97 1 
B12 96 0 93 3 97 0 
B13 99 0 88 2 97 1 
B14 99 0 89 0 94 1 
B15 99 0 90 1 95 2 
B16 99 0 91 1 95 0 
B17 99 0 91 0 94 3 
B18 97 1 91 1 95 1 
B19 96 0 90 1 98 1 
B20 97 0 89 0 99 1 
B21 98 0 90 1 96 1 
B22 98 0 95 1 94 0 
B23 97 1 90 0 97 1 
B24 96 0 91 2 93 1 
B25 96 0 91 2 94 1 
B26 97 0 90 1 97 0 
B27 97 2 92 0 95 1 
B28 98 0 91 0 96 1 
B29 99 0 89 1 97 1 
B30 99 0 90 1 96 0 
B31 98 0 90 1 95 1 
B32 98 1 92 0 95 2 
B33 98 1 91 0 93 0 
B34 99 0 94 1 95 3 
B35 99 0 93 0 96 1 
B36 97 1 90 0 95 1 
B37 97 2 91 0 95 1 
B38 97 1 89 2 97 0 
B39 97 0 99 3 98 1 
B40 97 0 92 0 96 0 
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Table 2. Cont.   
Accession Control 
Height 
reduction 
Dry weight 
reduction 
B41 97 0 93 0 97 0 
B42 96 1 88 3 95 3 
B43 98 0 89 1 96 0 
B44 97 0 90 0 96 0 
B45 97 1 90 0 93 0 
B46 97 0 91 1 95 1 
B47 97 0 92 1 95 1 
B48 97 0 91 1 97 1 
B49 99 0 90 1 93 0 
B50 99 0 91 1 96 0 
B51 99 0 92 1 95 0 
B52 99 0 91 1 94 1 
B53 98 1 90 1 96 3 
B54 99 0 90 3 98 1 
B55 99 0 90 3 93 1 
B56 99 0 90 1 96 2 
B57 99 0 90 0 97 2 
B58 97 2 89 0 97 1 
B59 99 0 89 0 97 1 
B60 99 0 90 1 94 1 
B61 98 0 90 1 95 2 
B62 98 0 90 0 95 0 
B63 98 0 91 1 94 1 
B64 99 0 92 1 95 0 
B65 97 0 90 0 98 1 
B66 97 0 91 0 98 1 
B67 97 0 88 1 96 0 
B68 99 0 89 1 94 1 
B69 99 0 91 1 97 1 
B70 97 0 92 3 93 3 
B71 99 0 90 2 94 0 
B72 98 0 91 1 97 1 
B73 99 0 91 1 95 1 
B74 96 2 91 0 96 1 
B75 99 0 91 1 95 1 
B76 98 0 90 1 97 1 
B77 97 1 90 1 94 1 
B78 97 1 91 1 96 1 
B79 96 2 90 1 95 0 
B80 99 0 92 2 95 0 
B81 99 0 93 2 96 1 
B82 99 0 88 0 98 1 
B83 99 0 89 1 93 1 
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Table 2. Cont.   
Accession Control 
Height 
reduction 
Dry weight 
reduction 
B84 99 0 90 0 96 1 
B85 97 0 91 0 98 1 
B86 99 0 91 0 98 1 
B87 98 0 91 0 97 1 
B88 97 1 91 0 94 0 
B89 99 1 90 0 95 3 
B90 99 0 90 0 95 1 
B91 96 0 95 1 94 2 
B92 99 0 90 0 95 0 
B93 98 0 91 0 98 0 
B94 99 0 91 0 98 1 
B95 97 0 90 0 96 1 
B96 99 1 91 0 95 1 
B97 97 0 91 0 97 0 
B98 97 1 89 1 93 0 
B99 97 0 90 1 94 0 
B100 97 0 90 1 96 0 
B101 97 0 92 0 95 0 
B102 98 0 91 0 96 0 
B103 99 1 94 1 97 3 
B104 99 1 91 1 97 0 
B105 99 0 90 3 95 0 
B106 98 0 91 0 95 1 
B107 97 2 87 0 94 0 
B108 99 0 92 1 95 2 
B109 99 0 92 0 95 1 
B110 99 0 93 0 95 1 
B111 97 1 88 2 96 1 
B112 98 0 89 0 93 0 
B113 99 0 90 2 96 3 
B114 99 0 90 2 95 1 
B115 98 0 91 1 94 0 
B116 99 0 92 0 96 0 
B117 99 0 91 1 98 2 
B118 98 0 91 1 93 2 
B119 99 0 91 1 96 0 
B120 99 0 92 2 97 1 
B121 97 0 91 1 97 0 
B122 97 0 90 0 97 1 
B123 97 0 91 1 94 1 
B124 97 0 90 1 95 1 
B125 99 0 90 1 95 0 
B126 98 1 91 0 92 1 
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Table 2. Cont.     
Accession Control 
Height 
reduction 
Dry weight 
reduction 
B127 97 1 90 0 93 1 
B128 97 1 89 1 96 1 
B129 96 0 90 1 94 1 
B130 99 0 90 0 94 0 
B131 99 0 91 0 96 2 
B132 99 0 91 1 98 1 
B133 98 0 92 1 93 1 
B134 99 0 90 1 96 0 
B135 99 0 91 3 97 1 
B136 99 0 88 1 97 0 
B137 97 1 89 0 97 2 
B138 99 0 91 1 94 1 
B139 99 0 92 1 95 0 
B140 98 0 90 1 95 1 
B141 99 0 90 1 94 1 
B142 99 0 91 1 95 0 
B143 99 0 92 1 98 2 
B144 99 0 91 1 96 3 
B145 98 0 89 0 97 0 
B146 97 1 90 1 93 1 
B147 97 1 90 1 96 1 
B148 97 0 90 1 95 1 
B149 99 0 92 0 96 0 
B150 99 0 93 3 96 2 
B151 97 2 91 1 98 2 
B152 98 0 91 1 94 1 
a Herbicide applied to three- to four-leaf seedling barnyardgrass. 
b A total of 152 accessions were evaluated (B1-B152) spanning  
21 Arkansas counties. 
c Mean and the standard error (SE) of the mean. 
d Accessions are reported as means followed by the standard error (SE) of the mean.  
 
 
 
 
 
 
 
 
 
 
 
 
 27 
 
 
 
 
Figure 1. A total of 152 barnyardgrass accessions were collected from 21 Arkansas counties 
(shaded in gray).  See Table 1 for the number of samples collected from each county. 
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Figure 2. Susceptible and acetolactate synthase (ALS)-, propanil-, and quinclorac-resistant 
barnyardgrass control 21 days after treatment with florpyrauxifen-benzyl. Regression parameters 
correspond to the four-parameter log-logistic regression model Y= C+{D-C/1+exp[B(logX-
logE)]}where Y is the response, X is the dose of florpyrauxifen-benzyl, B is the slope of the 
curve, C is the lower limit, D is the upper limit, and E is the inflection point for the fitted line. 
Model paremeters and standard errors included: B (-1.97, ±0.4), C (21.2, ±1.3), D (99.8, ±0.2), 
ED50 (13.8,±2.2), ED90 (25.7,±1.9). 
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Figure 3. Susceptible and acetolactate synthase (ALS)-, propanil-, and quinclorac-resistant 
barnyardgrass height reduction 21 days after treatment with florpyrauxifen-benzyl. Regression 
parameters correspond to the four-parameter log-logistic regression model Y= C+{D-
C/1+exp[B(logX-logE)]}where Y is the response, X is the dose of florpyrauxifen-benzyl, B is the 
slope of the curve, C is the lower limit, D is the upper limit, and E is the inflection point for the 
fitted line Model paremeters and standard errors included: B (-2.91,±0.4), C (11.8, ±1.1), D 
(98.4, ±0.5), ED50 (15.9, ±0.6), ED90 (28.6, ±0.9). 
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Figure 4. Susceptible and acetolactate synthase (ALS)-, propanil-, and quinclorac-resistant 
barnyardgrass biomass reduction 21 days after treatment with florpyrauxifen-benzyl. Regression 
parameters correspond to the four-parameter log-logistic regression model Y= C+{D-
C/1+exp[B(logX-logE)]}where Y is the response, X is the dose of florpyrauxifen-benzyl, B is the 
slope of the curve, C is the lower limit, D is the upper limit, and E is the inflection point for the 
fitted line Model paremeters and standard errors included: B (-2.31, ±0.1), C (6.1, ±0.7), D (73.9, 
±1.2), ED50 (20.2, ±0.8), ED90 (28.1, ±0.5). 
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Chapter 2 
Evaluation of Florpyrauxifen-benzyl Control Spectrum and Tank-Mix Compatibility with 
other Commonly Applied Herbicides in Rice  
Abstract 
Florpyrauxifen-benzyl is a new herbicide being developed for rice.  Research is needed to 
understand its spectrum of control and preferred tank-mix partners. Multiple greenhouse and 
field experiments were conducted to evaluate florpyrauxifen-benzyl efficacy and tank-mix 
compabibility. In greenhouse experiments, florpyrauxifen-benzyl at 30 g ae ha-1 provided ≥75% 
control of all weed species (broadleaf signalgrass, barnyardgrass, Amazon sprangletop, large 
crabgrass, northern jointvetch, hemp sesbania, pitted morningglory, Palmer amaranth, yellow 
nutsedge, rice flatsedge, smallflower umbrellasedge) evaluated and was statistically similar to, or 
greater than, other herbicide options currently available in rice. Barnyardgrass in particular was 
controlled 97% with florpyrauxifen-benzyl at 30 g ae ha-1, ultimately reducing height (86%) and 
aboveground biomass (84%). In field studies, no antagonism nor synergism was observed when 
florpyrauxifen-benzyl was tank-mixed with contact (acifluorfen, bentazon, carfentrazone, 
propanil, and saflufenacil) or systemtic (2,4-D, bispyrabac, cyhalofop, fenoxaprop, halosulfuron, 
imazethapyr, penoxsulam, quinclorac, and triclopyr) rice herbicides. While not every tank-mix or 
weed species was evaluated, the lack of antagonistic interactions herein highlight the flexibility 
and versatility of this new herbicide with its unique site of action. Once commercially available, 
it will be benefical to tank-mix florpyrauxifen-benzyl with other herbicides without sacrificing 
efficacy in order to apply multiple sites of action together to less the risk for evolution of 
herbicide-resistance.  
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Nomenclature: Florpyrauxifen-benzyl; Amazon sprangletop, barnyardgrass, Echinochloa crus-
galli L. Beauv.; broadleaf signalgrass, Urochloa platyphylla L; hemp sesbania, Sesbania 
hederacea L; large crabgrass, Digitaria sanguinalis L.; northern jointvetch, Aeschynomene 
virginica L; Palmer amaranth, Amaranthus palmeri; pitted morningglory, Ipomoea lacunosa L. 
rice, Oryza sativa L.; rice flatsedge, Cyperus iria L.; smallflower umbrellasedge, Cyperus 
difformis L.; yellow nutsedge, Cyperus esculentus L  
Key words: barnyardgrass, florpyrauxifen-benzyl, herbicide-resistance, spectrum, tank-mix, 
weed control.  
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Introduction 
Rice is a major grain crop produced worldwide and is a primary food source for much of 
the world’s population. Therefore, similar to other cropping systems, effective weed 
management is critically important. Today, rice producers in the midsouthern United States face 
many challenges. Among these, is control of the troublesome grass weed barnyardgrass. 
Barnyardgrass his historically one of the most problematic weeds in the worlds and is currently 
the most problematic weed in Arkansas rice (Holm et al. 1997; Norsworthy et al. 2013). 
Barnyardgrass, a member of the Poaceae family, is a summer annual that reproduces through 
seed and is capable of producing over 39,000 seeds per plant (Bagavathiannan et al. 2012). It can 
be difficult to achieve effective control of barnyardgrass, due to its C4 photosynthetic pathway, 
allowing the weed to proliferate in the high light and high temperature environments commonly 
found in rice producing regions (Mitich 1990).  
With the exception of barnyardgrass, other problematic weeds in rice include: red rice 
(Oryza sativa L.), northern jointvetch (Aeschynomene virginica L.), smartweeds (Polygonom 
spp.) sprangletops (Leptochloa spp.), broadleaf signalgrass (Urochloa platyphylla L.), yellow 
nutsedge (Cyperus esculentus L.), groundcherries (Physalis spp.), hemp sesbania (Sesbania 
hederacea L.), crabgrass (Digitaria spp.), morningglory (Ipomoea spp.), and pigweed 
(Amaranthus spp.) (Norsworthy et al. 2013).  
To combat these weeds in rice, herbicides may be applied preemergence (PRE) at various 
applications timings during the production season including: (PRE), delayed PRE (DPRE), early 
postemergence (EPOST), pre-flood (PREFLD), and POST flood (POSTFLD). Currently,  
clomazone (WSSA group 12), quinclorac (WSSA group 4), thiobencarb (WSSA group 8), 
pendimethalin (WSSA group 3), and imazethayr (WSSA group 2) are soil applied herbicdes 
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available. Bispyribac (WSSA group 2), cyhalofop (WSSA group 1), fenoxaprop (WSSA group 
1), penoxsulam (WSSA group 2), propanil (WSSA group 7), and quinclorac are registered to be 
applied POST for barnyardgrass control (Hardke 2014). In Clearfield® (BASF, Research Triangle 
Park, NC) rice, imazamox and imazethapyr (WSSA group 2) are also registered for use POST 
(Hardke 2014). In total, 7 sites of action (SOA) are available for use in U.S. rice, and of these, 
barnyardgrass has evolved resistance to at least four in Arkansas alone: propanil, quinclorac, 
clomazone, and ALS-inhibiting herbicides (Lovelace et al. 2002; Norsworthy et al. 2009; Wilson 
et al. 2011; Heap 2016).  
Prior to 1990, herbicide-resistant weeds were not known to occur in rice. Since its 
introduction in 1959, rice farmers used propanil extensively, and in 1990, barnyardgrass resistant 
to propanil was confirmed (Baltazar and Smith 1994). Furthermore, since the evolution of 
propanil-resistant barnyardgrass, the number of weeds that have been confirmed resistant to 
propanil, as well as other herbicides, has grown exponentially (Heap 2016). Rotating herbicide 
SOA is a widely recommended practice to mitigate herbicide resistance (Norsworthy et al. 
2012). The high level of competiveness and ever-present risk for evolution of herbicide 
resistance makes barnyardgrass in particular concerning (Mitich 1990; Bagavathiannan et al. 
2012).  
In rice, as is the case amongst other crops, two or more herbicides are often combined 
and applied together in a tank mixture to broaden the spectrum of control or provide multiple 
effective SOA for some of the most resistant prone weeds in a field. When two or more 
herbicides are combined, there is an opportunity for an interaction to occur, which could be 
greater than (synergistic) or less than (antagonistic) an expected response (Colby 1967; Fish et 
al. 2015; Fish et al. 2016).  For example, Lanclos et al. (2002) reported an antagonistic response 
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when glufosinate was mixed with bensulfuron or triclopyr, resulting in decreased barnyardgrass 
control. Conversely, a synergistic effect was observed for barnyardgrass control when tank 
mixing propanil with quinclorac, thiobencarb, or pendimethalin (Baltazar and Smith 1994). With 
the announcement of florpyrauxifen-benzyl being developed in U.S. rice (Dow AgroSciences 
LLC, Indianapolis, IN), research should be performed to determine the spectrum of activity of 
this new herbicide and its tank-mix capability with other commonly applied herbicides in rice. 
The objectives of this research were to (1) evaluate florpyrauxifen-benzyl efficacy on broadleaf, 
grass, and sedge species common in rice and (2) determine the ability of florpyrauxifen-benzyl to 
be tank-mixed with commonly applied herbicides in rice. 
  
Materials and Methods 
Evaluation of Florpyrauxifen-benzyl Spectrum of Activity. A greenhouse experiment was 
conducted during the spring of 2015 and repeated during the fall of the same year at the 
University of Arkansas - Altheimer laboratory located in Fayetteville, AR. Three separate studies 
were conducted over numerous monocot, dicot, and sedge species that commonly threaten rice 
production. The same experimental arrangement was utilized for each of the three experiments 
with herbicide treatments varying based on weed species (i.e. broadleaf, grass, or sedge). For a 
complete list of weeds and herbicides used in these experiments refer to Tables 1, 2, and 3.    
Seed/tubers from each species were sown in potting media in individual pots (6 cm 
diameter) in a greenhouse with 32/22 C day/night temperatures and later thinned (once the plant 
reached the 2-leaf growth stage) to one plant per pot. The experiment was arranged as a 
completely randomized design with 6 replications per species and herbicide treatment. In order 
to simulate a realistic size of plants during the pre-flood application timing, herbicide treatments 
were applied to three- to four-leaf seedling plants that were approximately 10- to 16-cm in height 
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(depending on species). Applications were applied inside of a stationary spray chamber with a 
two nozzle boom track sprayer fitted with flat-fan 800067 nozzles (TeeJet Technologies, 
Springfield, IL) calibrated to deliver 187 L ha-1 at 276 kPa. All herbicide treatments also 
contained 2.5% v/v methylated seed oil concentrate (MSO concentrate with LECI-TECH, 
Loveland Products, Loveland, CO). Plant mortality was determined 14 days after treatment 
(DAT) on a scale of 0 to 100% with 0 representing no control and 100 representing complete 
control. Plant height and aboveground biomass were also collected 14 DAT with the procedure 
described above. Data from each field study were subjected to ANOVA using the MIXED 
procedure in JMP (JMP Pro 12, SAS Institute Inc., Cary, NC) with replication and run 
considered as a random effect. Data were combined over experimental runs as there was no 
significant treatment by run interaction. Means were separated using Fisher’s protected LSD 
(=0.05). 
Tank-Mix. In 2014, a field experiment was conducted at the University of Arkansas - Rice 
Research and Extension Center near Stuttgart, AR and repeated in 2015. The soil was a DeWitt 
silt loam (fine, smectitic, thermic Typic Albaqualfs) composed of 8% sand, 75% silt, 17% clay 
with 1.8% organic matter and pH of 5.0. Each plot measured 1.8 m by 5.2 m. Rice (CL152 in 
2014 and CL111 in 2015) was drill seeded to a dry seedbed using a tractor-mounted drill 
calibrated to deliver 77 seed m-1 row at a depth of 1.3 cm. In both years, a single row of 
barnyardgrass, hemp sesbania, and yellow nutsedge were planted across the plots in a 
perpendicular fashion. In order to evaluate all possible tank-mix interactions, the field 
experiment was divided into a contact study and a systemic study. Both studies were treated 
similarly and were located adjacent to one another. For a complete list of the herbicide 
treatments utilized in each experiment refer to Tables 4 and 5.  
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For both studies, the experiment was arranged as a randomized complete block design 
with four replications. Florpyrauxifen-benzyl (Rinskor ActiveTM, Dow AgroSciences, 
Indianapolis, IN) was applied at 0 or 30 g ae ha-1 (1X) alone and in combination with currently 
registered contact or systemic herbicides available for use in U.S. rice. Treatments were applied 
POST at the 3- to 4-leaf stage of all weed species to simulate an early-POST or preflood 
application timing in rice. Applications for both studies were applied on the same day in each 
year and were performed on May 15, 2014 and May 26, 2015 with air temperatures at 16 and 24 
C and relative humidity at 58 and 69% in 2014 and 2015, respectively. All treatments were 
applied using a CO2-pressurized backpack sprayer fitted with 110015 AIXR flat-fan nozzles 
(Teejet Technologies, Springfield, IL) calibrated to deliver 140 L ha -1 at 4.8 km hr-1. Visible 
estimates of weed control were rated on a 0 to 100% scale, with 0 representing no control and 
100 representing complete control. Plant heights were collected from five randomly selected 
plants per plot for each weed species 14 days after treatment (DAT).   
Data from each field study were subjected to ANOVA using the MIXED procedure in 
JMP (JMP Pro 12, SAS Institute Inc., Cary, NC) with replication considered as a random effect. 
Data were combined over years as there was no significant treatment by year interaction 
(P≥0.05). Herbicide combinations were determined to be antagonistic, synergistic, or additive 
though Colby’s procedure;  
E = X + Y – XY/100 
where X and Y are the percent control of herbicide A and B alone, and E is the expected response 
when herbicide A and B are combined (Colby 1967). Combinations were determined to be 
antagonistic, synergistic, or additive by comparing expected and observed responses using 
Fisher’s protected LSD (=0.05).    
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Results and Discussion 
Evaluation of Florpyrauxifen-benzyl Spectrum of Activity. Monocots. Characteristically, 
auxinic herbicides are more typically efficacious on broadleaf weeds and rarely display activity 
in grass species. Quinclorac, an auxinic herbicide currently registered for use in rice, can 
however be utilized for control of susceptible-barnyardgrass and broadleaf signalgrass (Scott et 
al. 2016). In addition, florpyrauxifen-benzyl represents another auxin herbicide capable of 
controlling grass weeds. When grass weed species are exposed to full rates of florpyrauxifen-
benzyl they typically swell near the base, have reduced growth, and ultimately turn chlorotic and 
necrotic (personal visual observation). In terms of broadleaf signalgrass and barnyardgrass, 
florpyrauxifen-benzyl at 30 and 40 g ha-1 provided the highest level of control 14 days after 
treatment (DAT) (Table 1). In comparison, cyahlofop, fenoxaprop, and quinclorac provided less 
control but similar height and aboveground biomass reduction as florpyrauxifen-benzyl at 30 g 
ha-1.   
 In terms of other grass weeds, Amazon sprangletop and large crabgrass, florpyrauxifen-
benzyl did not achieve >88% control, even with the highest rate of 40 g ha-1 (Table 1). Be that as 
it may, cyhalofop, fenoxaprop, and quinclorac failed to outperform florpyrauxifen-benzyl at 30 
or 40 g ha-1 for any of the parameters evaluated with respects to these two grass weed species. 
Amazon sprangletop and large crabgrass are the second and tenth most problematic weeds of 
Arkansas and Mississippi rice (Norsworthy et al. 2013), thereby highlighting the difficulty in 
controlling these species. Florpyrauxifen-benzyl was less efficacious on Amazon sprangletop 
compared to more susceptible species such as barnyardgrass and broadleaf signalgrass.  
Dicots. When dicot weed species are exposed to full rates of florpyrauxifen-benzyl 
symptomology is typically displayed as blistering, leaf and stem epinasty, reduced growth, and 
necrosis (personal visual observation). At 14 DAT, broadleaf weed control ranged from 47 to 
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99%, across all weed species and herbicide treatments evaluated (Table 2). Northern jointvetch 
control was the highest with florpyrauxifen-benzyl at 30 and 40 g ha-1 (97 and 99%, respectively) 
and proved to be statistically superior relative to other treatments. A similar trend was observed 
with hemp sesbania 14 DAT with florpyrauxifen-benzyl at 30 and 40 g ha-1 providing 98 to 99% 
control. In addition, the herbicide was the most effective at reducing plant height and 
aboveground biomass compared to other commercially available rice herbicides evaluated. This 
range of herbicide efficacy is encouraging given the immense pressure these weeds currently 
place on rice production systems. In a recent survey, Arkansas crop consultants listed northern 
jointvetch as the third most problematic weed and overall the number one broadleaf weed in 
Arkansas and Mississippi rice (Norsworthy et al. 2013). The same survey also listed hemp 
sesbania as the seventh most problematic rice weed. Research has also documented that northern 
jointvetch is typicaly less responsive to most POST herbicides labeled in rice compared to hemp 
sesbania (Scott et al. 2016). Therefore, the ability of florpyrauxifen-benzyl to achieve effective 
control of these species will be beneficial. 
 Pitted morningglory and Palmer amaranth were two other broadleaf weeds evaluated. 
While florpyrauxifen-benzyl at 40 g ha-1 provided 97% pitted morningglory control (Table 2), 
the tenth most problematic rice weed, it was statistically similar to saflufenacil (99%) 
(Norsworthy et al. 2013). The proposed 1x rate (30 g ha-1) of florpyraxuifen-benzyl also 
provided a similar level of pitted morningglory control. Pitted morningglory height reduction 
was the greatest with three treatments listed previously but all treatment options (with the 
exception of propanil and florpyrauxifen-benzyl at 10 g ha-1) effectively reduced aboveground 
biomass. Palmer amaranth, ranked fifth most problematic, has become an increasingly difficult 
weed to manage in rice likely as a result of the widespread infestation of herbicide-resistant 
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Palmer amaranth in soybean, a crop commonly rotated with rice (Wilson et al. 2010; Norsworthy 
et al. 2013). Currently, effective control options for Palmer amaranth in rice are limited to 2,4-D, 
carfentrazone, propanil, and saflufenacil (Scott et al. 2016). Furthermore, documentation and 
spread of PPO-resistant Palmer amaranth, will likely further limit the available options in rice 
(Heap 2016). Florpyrauxifen-benzyl at 30 and 40 g ha-1 provided a high level of control (96 and 
99%, respectively) and was similar to saflufenacil (99%). Other auxinic herbicides provided less 
control.  Quinclorac (47%) and triclopyr (58%) were less effective at reducing height and 
aboveground biomass.  
Sedges. For all sedge species evaluated, the anticipated 1x rate of florpyrauxifen-benzyl provided 
high levels of control (93 to 95%), similar to or greater than the current industry standard, 
halosulfuron (Table 3). With the occurrence of ALS-resistant yellow nutsedge in Arkansas, use 
of previously effective control options such as halosulfron becomes limited, considering that this 
resistance mechanism exhibits resistance to all ALS-inhibiting herbicides currently registered in 
U.S. rice (Techranchian et al. 2014). However, the results herein indicate that applications of 
florpyrauxfien-benzyl could prove to be an effective alternative in situations where ALS-
resistant yellow nutsedge persists. While not as problematic, rice flatsedge and smallflower 
umbrellasedge also threated rice production systems (Norsworthy et al. 2013). These results 
indicate that florpyrauxifen-benzyl is as effective as the other currently available rice herbicides 
at controlling and reducing growth of each of these two sedge species.   
Tank-Mix. Contact. At 14 DAT, florpyrauxifen-benzyl at 30 g ha-1 controlled barnyardgrass 
91% and was statistically superior to the contact herbicides evaluated (Table 4). The same was 
also observed for hemp sesbania (98%) and yellow nutsedge (93%). With respects to 
barnyardgrass, these findings are consistent with the effective barnyardgrass control options 
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provided by Scott et al. (2016). While propanil was an effective option for many years, the 
evolution of propanil-resistant barnyardgrass has caused this herbicide to no longer be an 
effective option on a large number of populations (Baltazar and Smith 1994). More importantly, 
the addition of contact herbicides to florpyrauxifen-benzyl did not antagonize nor synergize 
banryardgrass control 14 DAT. The same also occurred for the other two weed species (hemp 
sesbania and yellow nutsedge) where the addition of florpyrauxifen-benzyl to the contact 
herbicides did not antagonize nor synergize efficacy. It is important, however, to note that while 
control of the weed species did not significantly increase it would be recommended to apply 
these mixutes over the herbicides alone in order to expose the weeds to multiple effective modes 
of action and delay the onset of resistance (Norsworthy et al. 2012).  
Systemic. Similar to the contact experiment, at 14 DAT, florpyrauxifen-benzyl at 30 g ha-1 
provided a high level of barnyardgrass (93%), hemp sesbania (96%), and yellow nutsedge (91%) 
control (Table 5).  For each of the weed species, florpyrauxifen-benzyl alone performed equal to, 
or better than, any of the systemtic herbicides applied alone or in combination with 
florpyrauxifen-benzyl. However, as mentioned previously, it would be beneficial to tank-mix and 
utilize multiple SOA to delay resistance evolution. An additional similarity to the previous 
experiment was that no antagonism or synergism was observed for any of the tank-mixes. This is 
a particularly beneficial characteristic of florpyrauxifen-benzyl considering that antagonistic 
interactions have been observed between other auxinic herbicides combined with various sites of 
action (Barnwell and Cobb 1994). Young et al. (1996) reported an antagonistic interaction when 
sethoxydim, a Group 1 graminicide, was mixed with 2,4-D. Similar research also reported 
antagonism when auxin herbicides such as dicamba, MCPA, or 2,4-D were mixted with 
diclofop-methyl (Olsen and Nalewaja 1981). In addition, with the adoption of the imidazolinone-
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resistant rice system and the anticpated launch of rice with resistance to acetyl CoA carboxylase-
inhibiting herbicides, florpyrauxifen-benzyl would serve as useful addition to these systems by 
additively combining with quizaolfop (personal observation), cyhalofop, imazethapyr, 
penoxsulam, and quinclorac. The commercialization of pre-mixes containing cyhalofop or 
penoxsulam would also seem benefical to greater increase spectrum of control.  
Conclusions and Practical Implications . The research herein highlights the broad-spectrum 
activity of florpyrauxifen-benzyl as well as its flexible use in various tank-mixes. Therefore it is 
concluded that florpyrauxifen-benzyl will provide effective control of many of the problematic 
weeds in rice and would be a suitable tank-mix partner with numerous rice herbicides. While not 
all possible herbicides were included in the greenhouse experiment nor were all possible tank-
mixes evaluated, these studies aim to serve as a starting point in the understanding of the 
capabilities and versatility of this new herbicide molecule. It is also important to note that 
adjuvant use for tank-mixes may change depending on label requirements of the individual 
products selected for mixing and methylated seed oil was selected for use in this system due to it 
being preloaded in the formulation of florpyrauxifen-benzyl evaluated. Future research should 
focus on the development of rice herbicide programs utilizing florpyrauxifen-benzyl alone and in 
combination with the herbicides evaluated to determine the most effective options. Additionally, 
research should specifically focus on combining this new herbicide with a residual partner such 
as pendimethalin or clomazone in order to achieve PRE and POST control.  
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Table 1. Greenhouse evaluation of florpyrauxifen-benzyl versus common rice herbicides on visible control, plant height, and biomass 
of broadleaf signalgrass, barnyardgrass, Amazon sprangletop, and large crabgrass 14 days after application, averaged over 
experimental runs.   
  Broadleaf signalgrass Barnyardgrass Amazon sprangletop Large crabgrass 
Treatment Rate Control Height Biomass Control Height Biomass Control Height Biomass Control Height Biomass 
 g ai or ae 
ha-1 
   ---%---    -----% reductionb-------           ---%---     ------% reduction---------           ---%---       --------% reduction-------         ---%---          ------% reduction------- 
Florpyrauxifen-
benzyl 
10 62 da 73 c 68 c 70 d 65 d 57 e 61 b 55 d 51 c 52 c 44 d 40 c 
20 80 c 88 b 85 b 83 c 74 bc 68 cd 69 b 64 cd 60 bc 64 b 49 c 44 c 
30 95 a 91 b 87 b 97 a 86 a 84 a 84 a 78 ab 77 a 75 a 60 a 55 ab 
40 98 a 96 a 93 a 98 a 88 a 88 a 88 a 88 a 80 a 80 a 62 a 58 a 
Fenoxaprop 122 90 b 93 a 91 ab 90 b 79 b 75 b 80 a 75 b 64 b 80 a 61 a 57 a 
Cyhalofop 314 90 b 92 ab 91 ab 83 c 75 b 71 bc 80 a 72 bc 61 b 50 c 41 d 39 c 
Quinclorac 280 90 b 90 b 88 b 80 c 69 cd 65 d 10 c 4 e 1 d 70 b 55 b 50 b 
aMeans within a column followed by the same letter are not significantly different according to Fisher’s protected LSD (α=0.05) 
b Reduction relative the the nontreated control. Height and biomass of nontreated: broadleaf signalgrass (19.2 cm, 6.2 g), 
barnyardgrass (21.4 cm, 6.4 g), Amazon sprangletop (18.7 cm, 7. 1 g), large crabgrass (16.9 cm, 5.2 g) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4
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Table 2. Greenhouse evaluation of florpyrauxifen-benzyl versus common rice herbicides on visible control, plant height, and above 
ground dried biomass of northern jointvetch, hemp sesbania, pitted morningglory,and palmer amaranth 14 days after application , 
averaged over experimental runs.   
  Northern jointvetch Hemp sesbania Pitted morningglory Palmer amaranth 
Treatment Rate Control Height Biomass Control Height Biomass Control Height Biomass Control Height Biomass 
 g ai or ae 
ha-1 
   ---%---    -----% reductionb-------           ---%---     ------% reduction---------           ---%---       --------% reduction-------         ---%---          ------% reduction------- 
Florpyrauxifen-
benzyl 
10 76 da 81 d 74 e 79 f 77 c 80 d 73 d 68 c 70 b 69 d 81 b 84 b 
20 83 c 85 cd 78 de 85 e 87 b 83 cd 83 c 80 b 81 a 84 c 90 a 93 a 
30 97 a 92 ab 86 ab 98 ab 92 a 89 ab 95 a 85 ab 84 a 96 ab 95 a 96 a 
40 99 a 95 a 90 a 99 a 94 a 93 a 97 a 87 a 85 a 99 a 96 a 98 a 
Quinclorac 280 80 cd 82 d 76 e 86 de 87 b 85 bc 83 c 78 b 80 a 47 f 50 d 62 c 
Triclopyr 280 90 b 88 bc 81 cd 90 cd 89 b 88 b 87 bc 83 b 82 a 58 e 59 c 65 c 
Saflufenacil 25 92 b 89 b 83 bc 94 bc 91 a 88 b 99 a 91 a 88 a 99 a 95 a 94 a 
Propanil 4480 91 b 89 b 82 bc 90 cd 90 ab 89 ab 51 e 44 d 52 c 90 bc 91 a 93 a 
aMeans within a column followed by the same letter are not significantly different according to Fisher’s protected LSD (α=0.05) 
b Reduction relative to the nontreated control. Height and biomass of nontreated: northern jointvetch (16.5 cm, 3.8 g), hemp sesbania 
(18.4 cm, 3.2 g), pitted morningglory (10.2 cm, 2.9 g), Palmer amranth (20.8 cm, 7.7 g) 
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Table 3. Greenhouse evaluation of florpyrauxifen-benzyl versus common rice herbicides on visible control, plant height, and above 
ground dried biomass of yellow nutsedge, rice flatsedge, and acetolactate synthase-resistant smallflower umbrellasedge 14 days after 
application, averaged over experimental runs.   
  Yellow nutsedge Rice flatsedge Smallflower umbrellasedge 
Treatment Rate Control Height Biomass Control Height Biomass Control Height Biomass 
 g ai or ae 
ha-1 
   ---%---      -----% reductionb-----                   ---%---           -------% reduction------       ---%---          ------ % reduction ------ 
Florpyrauxifen-benzyl 
10 64 ca 51 c 50 d 61 d 48 d 43 e 68 c 58 c 53 d 
20 79 b 65 b 57 c 76 c 58 c 55 d 79 b 71 b 66 c 
30 93 a 84 a 78 b 94 a 89 a 80 b 95 a 92 a 85 b 
40 98 a 88 a 85 a 97 a 94 a 91 a 97 a 95 a 93 a 
2,4-D amine 1065 60 c 46 c 44 e 58 d 42 e 37 e 66 c 55 c 49 d 
Bentazon 840 65 c 50 c 45 de 85 b 80 b 74 bc 70 bc 62 c 60 cd 
Halosulfuron 35 90 a 81 a 80 a 80 bc 76 b 66 c 10 d 7 d 5 e 
a Means within a column followed by the same letter are not significantly different according to Fisher’s protected LSD (α=0.05) 
b Reduction relative to the nontreated control. Height and biomass of nontreated: yellow nutsedge (13.5 cm, 4.1 g), rice flatsedge (15.1 
cm, 3.2 g), smallflower umbrellasedge (12.6 cm, 3.4 g) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4
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Table 4. Field experiment conducted near Stuttgart, AR on effect of POST application of commercially available contact rice 
herbicides alone or in combination with florpyrauxifen-benzyl on observed and expected control of barnyardgrass, hemp sesbania, and 
yellow nutsedge 14 days after treatment, years combined.  
  Barnyardgrass Hemp sesbania Yellow nutsedge 
Treatmenta Rate Observed Expected Observed Expected Observed Expected 
 g ai or ae ha-1 ----------------------------------------% control--------------------------------------------- 
Acifluorfen 560 52 cb   95 ab   60 b   
Bentazon 841 0 e   66 d   68 b   
Carfentrazone 57 0 e   90 b   0 d   
Propanil 4480 74 b   82 c   44 c   
Saflufenacil 25 10 d   92 b   62 b   
Florpyrauxifen-benzyl 30 91 a   98 a   93 a   
Acifluorfen + florpyrauxifen-benzyl  560 + 30 95 a 96c  97 a 99  95 a 97  
Bentazon + florpyrauxifen-benzyl 841 + 30 90 a 91  96 a 99  96 a 98  
Carfentrazone + florpyrauxifen-benzyl 57 + 30 92 a 91  98 a 99  91 a 93  
Propanil + florpyrauxifen-benzyl 4480 + 30 97 a 98  98 a 99  97 a 96  
Saflufenacil + florpyrauxifen-benzyl 25 + 30 91 a 92  99 a 99  95 a 97  
aAll treatments contained 2.5% v/v methylated seed oil  
bMeans within a column followed by the same letter are not significantly different according to Fisher’s protected LSD (α=0.05) 
cExpected responses are based on Colby’s equation, E = X + Y – (XY)/100. Values presented in bold represent a significant difference 
based on a two-sided t test between the observed and expected values.  
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Table 5. Field experiment conducted near Stuttgart, AR on effect of POST application of commercially available systemic rice 
herbicides alone or in combination with florpyrauxifen-benzyl on observed and expected control of barnyardgrass, hemp sesbania, and 
yellow nutsedge 14 days after treatment, years combined.  
  Barnyardgrass Hemp sesbania Yellow nutsedge 
Treatmenta Rate Observed Expected Observed Expected Observed Expected 
 g ai or ae ha-1 -------------------------------------% control -----------------------------------------------  
2,4-D 1065 0 eb   96 ab   55 cd   
Bispyribac 22 83 d   78 d   51 d   
Cyhalofop 314 86 cd   0 f   0 e   
Fenoxaprop 121 92 b   0 f   0 e   
Halosulfuron 35 0 e   86 c   92 ab   
Imazethapyr 71 93 ab   5 e   83 b   
Penoxsulam 40 88 bcd   82 cd   61 c   
Quinclorac 280 86 cd   80 cd   0 e   
Triclopyr 280 1 e   92 b   86 b   
Florpyrauxifen-benzyl 30 93 ab   96 ab   91 ab   
2,4-D + florpyrauxifen-benzyl 1065 + 30 95 a 93c  98 a 99  98 ab 96  
Bispyribac + florpyrauxifen-benzyl 22 + 30 97 a 99  97 ab 99  97 ab 95  
Cyhalofop + florpyrauxifen-benzyl 314 + 30 98 a 99  95 ab 96  88 b 91  
Fenoxaprop + florpyrauxifen-benzyl 121 + 30 97 a 99  95 ab 96  90 b 91  
Halosulfuron + florpyrauxifen-benzyl 35 + 30 91 bc 93  98 a 99  99 a 99  
Imazethapyr + florpyrauxifen-benzyl 84 + 30 98 a 99  93 b 95  98 ab 98  
Penoxsulam + florpyrauxifen-benzyl 40 + 30 98 a 99  98 a 99  98 ab 96  
Quinclorac + florpyrauxifen-benzyl 280 + 30 97 a 99  97 ab 99  90 b 91  
Triclopyr + florpyrauxifen-benzyl 280 + 30 94 a 93  97 ab 99  97 ab 98  
aAll treatments contained 2.5% v/v methylated seed oil  
bMeans within a column followed by the same letter are not significantly different according to Fisher’s protected LSD (α=0.05) 
cExpected responses are based on Colby’s equation, E = X + Y – (XY)/100. Values presented in bold represent a significant difference 
based on a two-sided t test between the observed and expected value 
 
4
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Chapter 3 
Influence of Formulation, Herbicide Rate, Adjuvant Rate, Spray Volume, and Timing of 
Flood Establishment on Florpyrauxifen-benyzl Efficacy 
 
Abstract 
The introduction of florpyrauxifen-benyzl, a new herbicide active ingredient, will provide 
an additional tool in rice weed control by providing an alternative mechanism of action. Multiple 
field studies were conducted during 2014 and 2015 to evaluate florpyrauxifen-benzyl efficacy as 
influenced by formulation, adjuvant rate, spray volume, and flood timing. In one study, two 
formulations of florpyrauxifen-benzyl were evaluated, soluble concentrate (SC) and a NeoECTM 
(non-petroleum-containing formulation preloaded with adjuvant). Each formulation was applied 
at 15 and 30 g ae ha-1 with 0, 0.7, 1.4, 2.1, 2.8, or 3.5 L ha-1 methylated seed oil (MSO) added. 
Weeds evaluated included barnyardgrass, broadleaf signalgrass, hemp sesbania, yellow nutsedge, 
pitted morningglory, and Palmer amaranth planted in a non-flooded setting. Increasing MSO rate 
improved weed control with both formulations; however, the NeoEC formulation required less 
MSO to achieve a similar level of control to the SC.  A separate experiment was conducted to 
determine the effect of spray volume and adjuvant use with factors including florpyrauxifen-
benzyl rate at 15 and 30 g ae ha-1 formulated as an SC applied at 47, 94, or 187 L ha-1 with 0, 1.2, 
2.3, and 3.5 L ha-1 MSO added.  Florpyrauxifen-benzyl at 30 g ha-1 provided greater control than 
15 g ha-1, regardless of spray volume or MSO rate. Additionally, weed control with 30 g ha -1 
generally improved as spray volume and MSO level increased. In a flood timing experiment, 
florpyrauxifen-benzyl was applied to 3- to 4-leaf quinclorac-resistant barnyardgrass and 
acetolactate synthase (ALS)-resistant yellow nutsedge. Factors in this experiment included flood 
 51 
depth [0 cm (saturated) or 8 cm], flood timing (1, 7, 14, or 28 d after application), and 
florpyrauxifen-benzyl rate (0 or 30 g ha-1). Flooding shortly after application enhanced weed 
control with florpyrauxifen-benzyl and provided quicker death. Additionally, it was concluded 
that the alternative mechanism of action of florpyrauxifen-benzyl provides excellent control of 
quinclorac-resistant barnyardgrass and ALS-resistant yellow nutsedge. Overall, the unique auxin 
chemistry of florpyrauxifen-benzyl provides a new, effective tool for control of difficult-to-
manage weeds in rice and should greatly benefit herbicide-resistance management.  
Nomenclature: Florpyrauxifen-benzyl; barnyardgrass, Echinochloa crus-galli (L.) Beauv.; 
broadleaf signalgrass, Urochloa platyphylla (Griseb.); hemp sesbania, Sesbania herbacea (P. 
Mill.); Palmer amaranth, Amaranthus palmeri S. Wats.; pitted morningglory, Ipomoea lacunosa 
L.; yellow nutsedge, Cyperus esculentus L.; rice, Oryza sativa L. 
Key words:  Adjuvant, florpyrauxifen-benzyl, formulation, optimization, spray volume, weed 
control.  
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Introduction 
In rice, several major weed species have evolved resistance to herbicides, making 
effective control difficult to achieve. Of these, barnyardgrass, broadleaf signalgrass, hemp 
sesbania, and yellow nutsedge continue to be among the most troublesome in southern U.S. rice. 
According to a recent survey, barnyardgrass is the most problematic weed in Arkansas rice 
(Norsworthy et al. 2013).  The high level of competiveness and ever-present risk for the 
evolution of herbicide resistance makes barnyardgrass particularly concerning. Currently, 
barnyardgrass has evolved resistance to at least 9 sites of action worldwide and at least 7 sites of 
action in the United States (Heap 2016). In Arkansas rice production, this problematic weed has 
evolved resistance to propanil, quinclorac, clomazone, and ALS-inhibiting herbicides (Lovelace 
et al. 2002; Norsworthy et al. 2009; Wilson et al. 2011).   
Prior to 1990, herbicide-resistant weeds were not known to occur in rice. In fact, since its 
introduction in 1959, rice farmers used propanil extensively without documented failure until 
1990; when barnyardgrass resistant to propanil was confirmed (Baltazar and Smith 1994). Since 
the evolution of propanil-resistant barnyardgrass, the number of weed species that have been 
confirmed resistant to propanil as well as other herbicides has grown exponentially. It is evident 
that over the past decades, herbicides have become an invaluable tool to effectively and 
efficiently remove weeds from cropping systems. During the mid to late 20th century, 
agrochemical companies were investing heavily into the discovery of novel herbicides. Appleby 
(2005) reported that there were 46 herbicide companies actively looking for new compounds in 
1970, 17 in 1990, and only 8 in 2005. From 1980 to 2009, over 130 new herbicide active 
ingredients were commercialized (Gerwick 2010).  However, it is clear that the rate at which 
these herbicides are being discovered has rapidly declined over the past several decades. To 
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further illustrate this point, all of the herbicides available for use in crops today have sites of 
action (SOA) commercialized prior to the 21st century. Recently, however, widespread 
glyphosate resistance within weeds has restored interest by companies into herbicide discovery. 
Duke (2012) reported that there are numerous favorable target sites currently unused by the 20 
SOA currently available on the market, leaving ample room for new SOA development.      
The development of florpyrauxifen-benzyl in rice represents one example of a novel 
SOA. Florpyrauxifen-benzyl is a new active ingredient in the arylpicolinate herbicide family and 
represents the second herbicide in the new structural class of synthetic auxins. Members of this 
family exhibit unique characteristics for synthetic auxins by providing broad-spectrum 
postemergence activity on broadleaf, grass, and sedge species. The addition of the compound to 
the U.S. rice marketplace will provide an alternative SOA thereby providing effective control of 
propanil-, quinclorac-, clomazone-, and ALS-resistant barnyardgrass, ALS-resistant rice 
flatsedge (Cyperus iria L.) , smallflower umbrella sedge (Cyperus difformis L.), yellow 
nutsedge, and other troublesome weeds in rice. 
The development, and later availability, of effective herbicides however only occupies 
one part of the weed control system. An additional component to this system includes application 
parameters such as nozzle selection, application volume, and adjuvant rate which can directly 
influence herbicidal efficacy (Meyer et al. 2015; Meyer et al. 2016a; Meyer et al. 2016b). With 
the introduction of new herbicide label language outlining specific nozzle and spray volume 
requirements, understanding how these variables might influence the efficacy of new herbicides 
will become increasingly important. An additional factor to consider is that in flooded rice 
production herbicide efficacy can further be influenced by the time between herbicide 
application and flooding (Hardke 2014). Therefore, the purpose of this research was to evaluate 
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how various spray parameters and flood-timing regimes impacted the efficacy of  florpyrauxifen-
benzyl. The objectives of this research on florpyrauxifen-benzyl were to (1) evaluate whether 
formulation, adjuvant rate, and herbicide rate interacted, (2) determine if spray volume, adjuvant 
rate, and herbicide rate interacted, and (3) understand if the time between application and 
flooding influenced weed control.  
 
Materials and Methods   
Formulation, Adjuvant Rate, and Florpyrauxifen-benzyl Rate. A field experiment was 
conducted during 2014 and repeated in 2015 at the University of Arkansas-Agricultural Research 
and Extension Center (AAREC) located in Fayetteville, AR. The soil was a mix of Captina silt 
loam (fine-silty, siliceous, active, mesic Typic Fragiudults) and a Leaf silt loam (fine, mixed, 
active, thermic Typic Albaquults) containing 1.7% organic matter and pH of 5.8. In both years, 
fields were prepared through disking and cultivating prior to planting. Plots measured 3.1 m wide 
by 6.1 m long and consisted of two rows each of barnyardgrass, broadleaf signalgrass, hemp 
sesbania, yellow nutsedge, and pitted morningglory planted across the plots in a perpendicular 
fashion. The site also included a natural population of glyphosate-resistant (GR) Palmer 
amaranth. The experiment was arranged as a randomized complete block design with a three-
factor factorial treatment structure and four replications. The first factor consisted of herbicide 
formulation where either the herbicide was applied as a soluble concentrate (SC) containing no 
preloaded adjuvant or a NeoECTM (non-petroleum-containing formulation preloaded with 
adjuvant). The second factor included each formulation applied with 0, 0.7, 1.4, 2.1, 2.8, or 3.5 L 
ha-1 MSO (MSO Concentrate with Leci-Tech, Loveland Products Inc, Loveland, CO) added. The 
third factor consisted of florpyrauxifen-benzyl rate either 15 or 30 g ae ha-1. Treatments were 
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applied POST at the 3- to 4-leaf stage of all weed species to simulate an early-POST or preflood 
application timing in rice. Applications were performed on July 15, 2014 and July 1, 2015 with 
air temperatures at 26 and 32 C and relative humidity at 56 and 52% in 2014 and 2015, 
respectively. Treatments were applied using a CO2-pressurized backpack sprayer fitted with 
110015 AIXR flat-fan nozzles (Teejet Technologies, Springfield, IL) calibrated to deliver 140 L 
ha-1 at 4.8 km hr-1. Visible estimates of all weeds were rated on a 0 to 100% scale, with 0 
representing no control and 100 representing complete control. Plant heights were collected from 
five randomly selected plants per plot for each weed species 28 days after treatment (DAT).  
Spray Volume, Adjuvant Rate, and Florpyrauxifen-benzyl Rate. The field experiment was 
conducted during 2014 and repeated in 2015 in Fayetteville in a field adjacent to the previous 
experiment, containing similar soil characteristics. Test establishment, plot size, and weed 
species evaluated were the same as those mentioned in the previous experiment.  The experiment 
was arranged as a randomized complete block design with a three-factor factorial treatment 
structure and four replications. The first factor consisted of spray volume where the SC 
formulated herbicide was applied as at 47, 94, or 187 L ha-1. The second factor included each 
formulation applied with 0, 1.2, 2.3, or 3.5 L ha-1 MSO added. The third factor consisted of 
florpyrauxifen-benzyl rate either 15 or 30 g ha-1. Treatments were applied POST as described in 
the previous experiment. Applications were performed on July 15, 2014 and July 2, 2015 with air 
temperatures at 25 and 29 C and relative humidity at 46 and 66% in 2014 and 2015, respectively. 
Treatments were applied using a CO2-pressurized backpack sprayer calibrated to deliver the 
appropriate application volume. In order to achieve accurate spray volumes and similar droplet 
spectra across the experiment, 11001 AIXR nozzles were used for 47 and 94 L ha -1, with 
application speed being the changing variable, while 11002 AIXR nozzles were used to achieve 
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187 L ha-1. Visible estimates for weed control and plant heights were recorded as described 
previously.   
Flooding Trial. In a separate field at the AAREC, a third experiment was conducted. Field soil 
collected, with the same characteristics as listed above, was sieved and placed into 68 L plastic 
tubs (59.7 cm L x 46.7 cm W x 41 cm H). Each tub was filled with soil to a 21-cm depth in the 
field allowing ample room to apply flooding treatments. All tubs were kept outdoors for the 
duration of the experiment. The experiment utilized 64 plastic tubs (Sterilite 68 L tote, Sterilite 
Corporation, Townsend, MA) arranged as a randomized complete block design with a three-
factor factorial treatment structure and four replications. The first factor consisted of 
florpyrauxifen-benzyl rate where either 0 or 30 g ha-1 was applied. The second factor included 
flood depth applied at either 0 (saturated) or 8 cm. The third factor consisted of flood timing 
where the appropriate flood depth was applied 1, 7, 14, or 28 days following the florpyrauxifen-
benzyl application. Applications were performed on June 26, 2014 and June 7, 2015 with air 
temperatures at 25 and 31 C and relative humidity at 64 and 50% in 2014 and 2015, respectively. 
Treatments were applied POST as described in the previous experiments using a CO2-
pressurized backpack attached to a single nozzle hooded sprayer fitted with an 80015 EVS 
nozzle calibrated to deliver 140 L ha-1 at 4.8 km hr-1. Seed from previously screened quinclorac-
resistant barnyardgrass and tubers of ALS-resistant yellow nutsedge were sown in each tub both 
years. Visible estimates for quinclorac-resistant barnyardgrass and ALS-resistant yellow 
nutsedge control were estimated on a scale of 0 to 100%, with 0 representing no control and 100 
representing complete control. Plant heights were collected from 5 plants of each species 28 days 
after the flooding treatment was applied. Additionally, all aboveground biomass was collected 
from the entire tub, dried, and weighed for each weed species.    
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Statistical Analyses. For all three experiments, data were subjected to ANOVA using the 
MIXED procedure in JMP Pro 12 (JMP Pro 12, SAS Institute Inc. Cary, NC 27513). Factors 
were analyzed as fixed effects while replication and year were analyzed as random effects. 
Where the ANOVA indicated significance, means were separated using Fisher’s protected LSD 
(α=0.05).  
 
Results and Discussion 
Formulation, Adjuvant rate, and Florpyrauxifen-benzyl Rate. The ANOVA indicated a 
significant three-way (P=0.001) interaction among formulation, adjuvant use, and herbicide rate 
for visible control and plant height (Tables 1 and 2). Due to the lack of preloaded adjuvant in the 
SC formulation, poor levels of control of all species were observed when no MSO was added. In 
contrast, the NeoEC formulation required less MSO to achieve a similar level of control to the 
SC. Barnyardgrass control and plant height reduction 28 days after treatment (DAT) was the 
greatest when florpyrauxifen-benzyl at 30 g ae ha-1 was applied with either formulation in 
conjunction with 3.5 L ha-1 of MSO (Table 1). However, low levels of barnyardgrass control and 
height reduction were observed when either formulation of florpyrauxifen-benzyl was applied at 
30 g ha-1 with no MSO, indicating that both formulations require some additional adjuvant to 
achieve optimum herbicide efficacy. A similar trend was observed for the other weed species 
evaluated in this experiment.  
Hemp sesbania in general exhibited the greatest sensitivity to florpyrauxifen-benzyl, but 
control and plant height reduction tended to improve as herbicide rate and MSO increased. 
Palmer amaranth, a problematic weed on rice levees (Norsworthy et al. 2013), displayed a high 
level of sensitivity (96 to 99% control) to florpyrauxifen-benzyl, when 30 g ha-1 plus 3.5 L ha-1 of 
 58 
the SC and NeoEC formulations were applied (Table 2). While glyphosate-resistant Palmer 
amaranth is one of the most common and troublesome weeds in soybean (Glycine max L. Merr.), 
the most common rotational crop with rice in the Midsouth, it can also be difficult to achieve 
satisfactory control in rice (Nichols et al. 2009; Wilson et al. 2010). Previous research has shown 
that a few of the current herbicides available in rice such as bispyribac, carfentrazone, propanil, 
quinclorac, and triclopyr are ineffective at controlling Palmer amaranth and that 2,4-D alone or 
in tank-mixes is the most effective control option (Norsworthy et al. 2010; Norsworthy et al. 
2013). Based on the results in this study, florpyrauxifen-benzyl will not only be a beneficial 
addition to rice weed control in terms of its unique SOA but may also be a valuable tool to 
remove glyphosate-resistant Palmer amaranth from rice-soybean rotations.   
An important consideration in this trial is that the behavior of all weed species evaluated 
may have been influenced by the dryland environment in which they were subjected to and it is 
speculated that higher levels of control should occur in a flooded environment typical in rice 
culture (Hardke 2014). Even so, all species exhibited a high level of sensitivity to florpyrauxifen-
benzyl, especially in situations where the application parameters were optimized, thereby 
indicating the potential for this new herbicide to provide effective control of problematic weeds 
in rice. 
Spray Volume, Adjuvant Rate, and Florpyrauxifen-benzyl Rate. Similar to the previous 
experiment, the ANOVA indicated a significant three-way interaction among application 
volume, adjuvant use, and use rate of the SC formulation of florpyrauxifen-benzyl for all 
parameters evaluated (Table 3 and 4). As seen in the previous experiment, due to the lack of 
preloaded adjuvant in the SC formulation, poor levels of control of all species were observed 
when no MSO was added. However, in contrast to the previous experiment where spray volume 
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was maintained constant, manipulation of spray volume in this experiment had a significant 
impact on visible control and plant height reduction (Tables 3 and 4). Previous research has 
reported that reducing typical spray volumes for commercial ground applicators (140 L ha-1) can 
decrease the performance of systemic herbicides (Knoche 1994). In general, low levels of 
barnyardgrass control and height reduction were observed when florpyrauxifen-benzyl was 
applied at 47 L ha-1 of spray volume and only contained 0 or 1.2 L ha-1 of MSO. A similar trend 
resulted for other weed species, with the exception being hemp sesbania, which exhibited high 
levels of sensitivity to application volumes as low as 47 L ha -1 along with the addition of 1.2 L 
ha-1 MSO (Table 4).  
As seen in the previous experiment, Palmer amaranth displayed a high level of sensitivity 
to florpyrauxifen-benzyl and likewise control and height reduction tended to improve as spray 
volume and MSO increased. When considering the spray volume of rice herbicides, it is 
important to note that most applications will be applied aerially and generally at application 
volumes ≤ 94 L ha-1. Although the treatments in this study were applied with a backpack sprayer, 
florpyrauxifen-benzyl at 30 g ha-1 in conjunction with 3.5 L ha-1 MSO provided excellent control 
of most weed species evaluated at the 94 L ha-1 spray volume. Nevertheless, results from this 
experiment are not meant to emphasize a specific spray volume requirement for this herbicide 
but instead are intended to serve as a starting point in understanding how the herbicide will 
perform under various application parameters. Additionally, full-labeled rates should always be 
used and label requirements outlining application volume and adjuvant use should be followed to 
achieve the greatest level of control.  Results from this experiment point to the potential for this 
herbicide to be an effective tool in rice weed control programs and highlight its use flexibility as 
it relates to spray volume and other application parameters.  
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Flooding. A three-way interaction (P=0.008) occurred among rate of the SC formulated 
florpyrauxifen-benzyl, flood depth, and flood timing for visible control, plant height, and 
biomass of both weed species evaluated.  Data from checks were not included due to zero 
variance (Table 5). In rice weed management, flooding of the field is an important component. 
However, it can be difficult to determine the optimal flood timing and depth that will affect the 
majority of weeds (Chauhan and Johnson 2010). While flooding alone will suppress many 
weeds, barnyardgrass and yellow nutsedge are two semi-terrestrial weed species that can survive 
flooded conditions. Species such as these require the assistance of herbicides to achieve effective 
control. Evidence of such an occurrence was observed in this experiment where an 8-cm flood 
depth in the absence of florpyrauxifen-benzyl provided no visible control of emerged weeds and 
subsequently did not reduce plant heights nor biomass accumulation (Table 5).  In contrast, an 
application florpyrauxifen-benzyl followed quickly by saturated conditions or an 8-cm flood 
depth provided excellent control of the herbicide-resistant species. For quinclorac-resistant 
barnyardgrass, the highest level of control resulted when an 8-cm flood depth was applied within 
7 DAT. Height reduction and biomass accumulation differences were also observed among the 
treatments that received florpyrauxifen-benzyl. The greatest height reduction was achieved when 
either flooding depth was applied within 14 DAT, and all treatments reduced biomass when 
florpyrauxifen-benzyl was added, regardless of the flood depth or timing compared to treatments 
that did not receive florpyrauxifen-benzyl. These evidences lead to the conclusion that 
barnyardgrass, while a serious weed in rice cropping systems, can be controlled with 
florpyrauxifen-benzyl. With its capability to be highly competitive with C3 crop plants such as 
rice, dynamic reproductive potential, yield reduction capability, and ever-present risk for 
evolution of herbicide resistance (Bagavathiannan et al. 2012; Heap 2016; Johnson et al. 1998; 
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Rodenburg et al. 2011), the potential for florpyrauxifen-benzyl to be utilized as a resistance 
management tool in future rice weed control programs will be valuable.   
 Yellow nutsedge is also one of the most problematic weeds to control in rice production 
systems, with crop consultants continuously seeking improved management options (Norsworthy 
et al. 2013). The occurrence of ALS-resistant yellow nutsedge in Arkansas even further limits 
control options, especially considering that this biotype exhibits resistance to all ALS-inhibiting 
herbicides currently registered in U.S. rice (Techranchian et al. 2014). The ALS-resistant yellow 
nutsedge biotype examined in this experiment proved to be highly susceptible to applications of 
florpyrauxifen-benzyl in both flooding depths. Similar to the results observed with the 
quinclorac-resistant barnyardgrass, an application of florpyrauxifen-benzyl followed quickly by 
saturated conditions or an 8-cm flood depth provided excellent control. The greatest level of 
control occurred when an 8-cm flood depth was applied within 7 DAT. Height reduction and 
biomass accumulation differences were also observed with the greatest height reduction achieved 
when either flooding depth was applied within 14 DAT. In addition, all treatments had reduced 
biomass when florpyrauxifen-benzyl was added, regardless of the flood depth or timing, 
compared to treatments that did not receive florpyrauxifen-benzyl, indicating its potential fit as a 
management option for susceptible and ALS-resistant yellow nutsedge populations in rice.  
Conclusions and Practical Implications. The significance of this research is primarily for the 
optimization of florpyrauxifen-benzyl on problematic weeds in rice. Results from the 
formulation, adjuvant rate, florpyrauxifen-benzyl rate experiment and from the spray volume, 
adjuvant rate, florpyrauxifen-benzyl rate experiment show that 30 g ha-1 appears to be superior to 
15 g ha-1 on most species and that increasing rates of MSO tend to improve overall weed control. 
Effective coverage was achieved with 94 L ha-1 of spray volume; however, higher spray volumes 
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may be needed in areas with dense weed populations. Furthermore, in the flooding experiment, 
florpyrauxifen-benzyl performed well when soil was saturated or an 8-cm flood depth was 
established within 7 DAT. While additional research will be needed to further evaluate the 
impact of flooding on florpyrauxifen-benzyl efficacy, evidence from this research suggests that 
herbicidal efficacy will likely improve with the addition of soil moisture close to the time of 
application. Therefore, florpyrauxifen-benzyl efficacy will generally improve as application 
volume, herbicide rate, and adjuvant rate are increased and the time between application and 
flooding decreased. Overall, this research indicates that florpyrauxifen-benzyl will provide rice 
growers with a unique herbicide SOA that is capable of achieving a high level of weed control 
across a diverse spectrum. 
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Table 1. Influence of formulation, herbicide rate, and adjuvant use on control and height of barnyardgrass, broadleaf signalgrass, and 
yellow nutsedge 28 days after application of florpyrauxifen-benzyl, averaged over 2014 and 2015.  
   Barnyardgrass Broadleaf signalgrass Yellow nutsedge 
Formulationa Herbicide rate MSOb Control Height Control Height Control Height 
 g ae ha-1 L ha-1 % cm % cm % cm 
--- --- --- ---  55 a ---  58 a ---  56 a 
SC 
15 
0 0 fc 40 b 0 i 37 a 0 k 54 a 
0.7 62 e 28 c 59 gh 27 b 65 j 31 cd 
1.4 68 e 27 c 65 fg 25 b 68 hij 27 c-f 
2.1 68 e 26 cd 68 efg 24 b 74 fg 27 c-f 
2.8 77 d 24 cd 77 d 21 b-g 78 f 26 def   
3.5 78 c 24 cd 78 d 18 c-g 83 ef 24 def 
 
    
 
 
 
 
 
 
 
 
30 
0 0 f 43 b 0 i 26 b 0 k 50 b 
0.7 63 e 28 c 63 h 24 b 63 ij 24 def 
1.4 78 d 26 cd 78 de 23 bc 83 ef 23 def   
2.1 83 cd 23 cde 78 de 17 c-g 83 ef 23 def 
2.8 88 bc 21 c-g 86 bc 17 c-g 93 cd 22 ef 
3.5 93 ab 18 g 88 bc 16 d-g 98 ab 20 fg 
 
    
 
 
 
 
 
 
 
 
  0 60 e 25 cd 58 gh 24 b 63 ij 33 c   
NeoEC 
15 
0.7 63 e 25 cd 63 g 22 b-f 68 hi 29 cd 
1.4 81 cd 23 cd 80 cd 21 b-g 83 ef 28 c-f 
2.1 84 bc 22 c-g 81 cd 16 d-g 91 d 26 def 
2.8 87 bc 20 d-g 83 cd 16 d-g 94 bc 25 def 
3.5 88 bc 18 fg 83 cd 16 d-g 96 b 25 def   
 
    
 
 
 
 
 
 
 
 
30 
0 78 d 24 cde 73 efg 23 bc 73 gh 32 c 
0.7 86 bc 24 c-f 83 cd 23 bc 83 ef 29 cd 
1.4 88 bc 22 d-g 88 bc 20 b-g 88 e 29 cd   
2.1 95 a 20 d-g 92 bc 16 d-g 97 ab 27 def 
2.8 96 a 18 fg 94 b 16 d-g 98 ab 21 f 
3.5 98 a 17 g 98 a 14 g 99 a 17 g 
a SC indicates the herbicide was formulated as soluble concentrate not preloaded with adjuvant; NeoEC indicates the herbicide was 
formulated as a emulsifiable concentrate non-petroleum containing formulation preloaded with adjuvant. 
b MSO indicates methylated seed oil. 
c Means within a column followed by the same letter are not statistically different according to Fisher’s protected LSD (α=0.05)  
 
 
 
6
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Table 2. Influence of formulation, herbicide rate, and adjuvant use on control and height of hemp sesbania, Palmer amaranth, and 
pitted moringglory 28 days after an application of florpyrauxifen-benzyl, averaged over 2014 and 2015.  
   Hemp sesbania Palmer amaranth Pitted morningglory 
Formulationa Herbicide rate MSOb Control Height Control Height Control Height 
 g ae ha-1 L ha-1 % cm % cm % cm 
--- --- --- ---  94 a ---  70 a ---  34 n 
SC 
15 
0 10 hc 81 b 5 f 42 b 0 n 33 n 
0.7 80 d 29 d-g 80 e 14 e 49 lm 14 lm 
1.4 83 d 27 e-h 82 e 13 ef 56 ki 13 kl 
2.1 83 d 26 e-h 84 de 12 ef 58 jk 12 jk 
2.8 83 d 25 fgh 85 cde 12 ef 68 ij 11 ij   
3.5 83 d 24 hi 89 bcd 11 efg 73 hi 10 hi 
 
    
 
 
 
 
 
 
 
 
30 
0 44 g 46 c 8 f 26 c 0 n 23 n 
0.7 82 d 26 e-h 83 e 16 e 43 m 14 lm 
1.4 92 c 25 fgh 92 bcd 14 e 73 hi 14 lm   
2.1 93 c 23 hij 94 abc 12 ef 78 gh 12 jk 
2.8 98 ab 21 ijk 94 abc 10 e-i 88 de 11 ij 
3.5 98 ab 20 jk 96 ab 9 e-i 94 bcd 10 hi 
 
    
 
 
 
 
 
 
 
 
  0 63 f 32 d 83 e 22 d 53 kl 13 kl   
NeoEC 
15 
0.7 73 e 29 def 83 e 12 ef 58 jk 12 jk 
1.4 83 d 27 e-h 93 abc 9 e-i 83 efg 11 ij 
2.1 93 c 27 e-h 93 abc 8 e-i 89 def 10 hi 
2.8 96 ab 25 fgh 96 ab 8 e-i 94 bcd 7 bc 
3.5 96 ab 23 hij 97 ab 7 ghi 94 bcd 7 bc   
 
    
 
 
 
 
 
 
 
 
30 
0 73 e 30 de 88 bcd 13 ef 78 gh 13 kl 
0.7 83 d 29 d-g 93 abc 11 efg 83 efg 12 jk 
1.4 93 c 27 e-h 93 abc 11 efg 83 efg 10 hi   
2.1 97 ab 26 e-h 97 ab 10 e-i 93 bcd 9 cd 
2.8 99 a 26 e-h 98 a 8 e-i 96 ab 6 ab 
3.5 99 a 19 k 99 a 6 i 98 a 4 a 
a SC indicates the herbicide was formulated as soluble concentrate not preloaded with adjuvant; NeoEC indicates the herbicide was 
formulated as a emulsifiable concentrate non-petroleum containing formulation preloaded with adjuvant. 
b MSO indicates methylated seed oil. 
c Means within a column followed by the same letter are not statistically different according to Fisher’s protected LSD (α=0.05)  
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Table 3. Influence of herbicide rate, application volume, and adjuvant use on control and height of barnyardgrass, broadleaf 
signalgrass, and yellow nutsedge 28 days after application of florpyrauxifen-benzyl, averaged over 2014 and 2015.  
   Barnyardgrass Broadleaf signalgrass Yellow nutsedge 
Herbicide rate Application volume MSOa Control Height Control Height Control Height 
g ae ha-1 L ha-1 L ha-1 % cm % cm % cm 
--- --- --- ---  38 a ---  41 a ---  65 a 
15 
47 
0 0 Jb 31 b 0 m 30 c 0 j 53 b 
1.2 48 i 30 bc 48 j 29 cd 41 i 47 bc 
2.3 49 i 27 cd 50 i 28 cd 44 h 45 c 
3.5 59 h 27 cd 60 h 24 de 44 h 29 f 
          
94 
0 0 j 29 bc 0 m 30 c 0 j 38 d 
1.2 74 f 23 def 75 e 25 cde 64 g 22 hi 
2.3 84 e 19 fgh 85 e 16 ghi 74 f 19 i 
3.5 84 e 17 g-k 90 d 15 ghi 84 e 18 i 
          
187 
0 0 j 25 cde 10 l 24 de 10 j 48 bc 
1.2 89 d 23 def 85 b 17 gh 89 d 21 hi 
2.3 95 bc 18 g-j 95 b 16 ghi 95 bc 19 hi 
3.5 95 bc 15 ijk 97 a 14 hi 97 ab 16 j 
           
30 
47 
0 0 j 34 ab 10 l 35 b 0 j 52 bc 
1.2 69 g 24 def 74 d 25 cde 61 g 27 fg 
2.3 74 f 21 efg 75 d 22 ef 74 f 24 gh 
3.5 84 e 19 f-i 89 c 22 ef 89 bc 21 hi 
          
94 
0 0 j 36 a 11 l 41 a 0 j 48 bc 
1.2 81 e 16 h-k 89 c 15 ghi 84 e 14 j 
2.3 93 c 15 h-k 93 b 14 hi 93 bc 14 j 
3.5 97 ab 14 jk 99 a 13 i 96 ab 12 k 
          
187 
0 0 j 25 cde 17 k 27 cd 0 j 33 e 
1.2 94 bc 16 h-k 98 a 19 fg 96 ab 16 j 
2.3 95 bc 14 jk 99 a 19 fg 98 a 12 k 
3.5 99 a 12 k 99 a 13 i 99 a 12 k 
aMSO indicates methylated seed oil. 
bMeans within a column followed by the same letter are not statistically different according to Fisher’s protected LSD (α=0.05).   
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Table 4. Influence of herbicide rate, application volume, and adjuvant use on on control and height of hemp sesbania, palmer 
amaranth, and pitted morningglory 28 days after application of florpyrauxifen-benzyl, averaged over 2014 and 2015.  
   Hemp sesbania Palmer amaranth Pitted moringglory 
Herbicide rate Application volume MSOa Control Height Control Height Control Height 
g ae ha-1 L ha-1 L ha-1 % cm % cm % cm 
--- --- --- ---  93 a ---  77 a ---  32 a 
15 
47 
0 3 hb 72 c 0 l 36 b 0 k 32 a 
1.2 78 e 41 f 49 g 21 d 21 j 22 bc 
2.3 80 e 41 f 69 f 17 e 24 j 19 cd 
3.5 81 e 41 f 74 f 15 efg 44 i 16 d-g 
        
94 
0 10 g 54 d 6 j 25 cd 0 k 24 b 
1.2 83 d 25 ghi 84 de 14 e-h 59 h 14 e-h 
2.3 85 c 24 ghi 89 c 10 hij 61 h 14 e-h 
3.5 90 b 22 hij 94 b 5 kl 74 fg 13 e-h 
        
187 
0 10 g 48 de 10 i 17 e 0 k 19 cde 
1.2 94 d 29 g 95 b 12 ghi 84 d 16 d-h 
2.3 95 d 26 gh 96 b 12 ghi 89 c 15 d-h 
3.5 97 c 23 hi 98 ab 5 kl 90 bc 10 hi 
         
30 
47 
0 10 g 57 d 3 k 28 c 0 k 26 b 
1.2 84 e 27 gh 79 e 9 ij 46 i 13 e-h 
2.3 84 e 21 ijk 89 cd 7 jk 69 g 12 f-i 
3.5 89 bc 20 ijk 94 b 6 k 75 ef 11 ghi 
        
94 
0 10 g 46 ef 5 k 27 c 0 k 17 c-f 
1.2 89 c 24 ghi 94 b 13 f-i 76 ef 12 ghi 
2.3 93 b 18 jkl 95 b 11 hi 80 de 10 hi 
3.5 99 a 17 kl 98 ab 2 m 97 ab 8 ij 
        
187 
0 17 f 44 e 14 h 16 ef 0 k 17 c-f 
1.2 98 ab 22 hij 94 b 7 jk 92 abc 14 e-h 
2.3 99 a 17 kl 97 ab 7 jk 95 abc 6 j 
3.5 99 a 16 l 99 a 2 lm 98 a 6 j 
aMSO indicates methylated seed oil. 
bMeans within a column followed by the same letter are not statistically different according to Fisher’s protected LSD (α=0.05).   
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Table 5. Influence of flooding on control, height, and above ground dried biomass of quinclorac-resistant barnyardgrass and als-
resistant yellow nutsedge 28 days after flooding following florpyrauxifen-benzyl application, averaged over 2014 and 2015.  
   Barnyardgrass Yellow nutsedge 
Herbicide rate Flood deptha Flood timingb Control Height  Biomass Control Height Biomass 
g ae ha-1 cm Days after application % cm g pot -1 % cm g pot -1 
0 
0 
1 --- 22 abcd 4.07 b --- 24 abc 7.81 ab 
7 --- 18 de 2.98 b --- 22 abc 3.04 b 
14 --- 17 de 2.28 b --- 19 bcd 3.11 b 
28 --- 16 de 1.92 b --- 16 cd 1.56 b 
 
 
   
 
 
 
 
 
 
 
 
8 
1 --- 31 a 14.87 a --- 28 a 9.89 a 
7 --- 30 ab 7.31 b --- 27 ab 7.62 ab 
14 --- 29 abc 6.06 b --- 27 ab 6.98 ab 
28 --- 19 cde 4.88 b --- 16 cd 5.03 b 
  
 
    
 
 
 
 
 
 
 
 
30 
0 
1 95 b 1 f 0.06 c 94 b 4 ef 0.04 c 
7 95 b 1 f 0.20 c 92 b 5 ef 0.35 c 
14 93 b 1 f 0.21 c 88 b 7 ef 0.51 c 
28 91 b 15 de 1.01 c 87 b 11 de 0.97 c 
 
 
    
 
 
 
 
 
 
 
 
8 
1 100 a 1 f 0.01 c 100 a 1 f 0.01 c 
7 100 a 1 f 0.01 c 98 a 3 ef 0.03 c 
14 95 b 2 f 0.78 c 95 b 5 ef 0.29 c 
28 92 b 9 ef 0.99 c 91 b 10 e 1.22 c 
a Flood depth indicates the soil was saturated (0-cm depth) or flooded to an 8-cm depth. 
b Flood timing refers to the time the flooding treatment was applied following the herbicide application. 
c Means within a column followed by the same letter are not statistically different according to Fisher’s protected LSD (α=0.05).   
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Chapter 4 
Assessment of Florpyrauxifen-benzyl Potential to Carryover to Corn, Cotton, Grain 
Sorghum, Soybean, and Sunflower  
Abstract 
In response to the overwhelming need for a new herbicide active ingredient in rice, Dow 
AgroSciences recently announced florpyrauxifen-benzyl, a new synthetic auxin (WSSA Group 
4) herbicide. Florpyrauxifen-benzyl is a member of a new auxin herbicide family and will 
provide a novel site of action in rice production. While this new herbicide is under development 
for use in rice, it is not uncommon for soybean to be planted in rotation with rice, thereby having 
the potential for herbicide carryover. Multiple field experiments were conducted in 2014 and 
repeated in 2015 to evaluate potential plant-back restrictions for soybean and other row crops 
following an application of florpyrauxifen-benzyl. In the first experiment, treatments included 
florpyrauxifen-benzyl applied at 40 followed by (fb) 40 g ae ha-1, 80 fb 80 g ae ha-1, and a non-
treated check. In 2014, herbicides were applied at two locations and fields remained fallow. The 
following year corn, cotton, soybean, grain sorghum, and sunflower were planted within the 
previously treated area. Stand counts, crop heights, and visual injury assessments were taken for 
each crop following planting and aboveground (dry) biomass were collected 28 days after 
planting. No significant differences were observed among the treatments for any of the 
assessment data, highlighting the rotational flexibility of common row crops one year following 
a florpyrauxifen-benzyl application. In the second experiment, florpyrauxifen-benzyl was 
applied at 30 and 60 g ae ha-1 at 56, 28, 14, and 0 days prior to planting soybean. Injury 
assessments corresponded to the highest concentration of florpyrauxifen-benzyl and its 
metabolites recovered from soil at the time of planting. Conversely, soybean injury was reduced 
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when florpyrauxifen-benzyl was applied at increasing intervals before planting. At the end of 
each season, soybean yield was similar to the nontreated control when florpyrauxifen-benzyl at 
30 or 60 g ae ha-1 was applied 56 days prior to planting whereas all other treatments lowered 
yield. These results support a relatively short replant interval for soybean after florpyrauxifen-
benzyl application to rice. 
Nomenclature: Florpyrauxifen-benzyl; corn, Zea mays L.; cotton, Gossypium hirsutum L.; grain 
sorghum, Sorghum bicolor L.; rice, Oryza sativa L.; soybean, Glycine max (L.) Merr.; sunflower, 
Helianthus annuus L.  
Key words: Auxin, degradation, plant-back, soil.    
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Introduction 
Crop rotation is often a recommended cultural practice in any production system to 
prevent poor soil fertility, insect and disease infestations, as well as herbicide resistance. In the 
mid-southern United States where rice is grown, soybean is commonly planted as a rotational 
crop (Hardke 2014). While this is a recommended practice, it is also important to be cautious 
when rotating crops. Although effective at removing weeds from cropping systems, herbicides 
can interact with the soil and have the potential to persist (carryover) thereby causing injury to 
subsequent crops. Being that soybean is commonly rotated with rice, the potential for rice 
herbicides to persist in soils and cause subsequent injury to soybean exists. In addition to 
soybean, cotton, corn, grain sorghum, sunflower, and winter wheat (Triticum aestivum L.) are 
also popular crops grown in southern agricultural production systems. In one example, when 
winter wheat was followed by cotton or soybean, Grey et al. (2012) reported carryover injury 
from applications of sulfosulfuron in winter wheat to cotton or soybean. Similar studies found 
that simulated carryover of norflurazon at three half-lives resulted in 20 to 56% rice injury 8 
weeks after planting (Zhang et al. 2002). 
Soil persistence, or carryover, of herbicides is influenced by many soil properties 
including but not limited to: soil pH, organic matter, and soil texture. Renner et al. (1998) found 
imidiazolinone herbicides to remain active in the soil for up to two years following application. 
Long soil persistence of a herbicide can be beneficial by providing residual control of weeds, but 
can also leaded to unwanted herbicide carryover resulting in disruption in the crop rotation, 
ultimately leading to injury and potential loss of the subsequent crop. Poor attention to the 
technologies used each year can also result in detrimental losses. Marchesan et al. (2010) 
reported that imazethapyr used in a imidazolinone-resistant rice (Clearfield®, BASF, Research 
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Triangle Park, NC) can carryover to conventional rice varieties resulting in reduced grain yield. 
The recommended plant-back interval of imazethapyr to conventional rice cultivars is 18 months 
(Hardke 2014).  
With the wide spread evolution of herbicide-resistant weed species (Heap et al. 2016), 
new herbicide sites of action (SOA) are needed to provide effective control. The agrochemical 
industry has responded to this need through multi-million dollar investments towards the 
development of new active ingredients. One example of this innovation can been seen with 
florpyrauxifen-benzyl (Dow Agrosciences LLC, Indianapolis, IN) a new herbicide active under 
development for use in rice. Florpyrauxifen-benzyl, while auxin-like, represents a novel SOA for 
rice though its unique binding site and membership into a new auxin herbicide family (Lee et al. 
2013; Epp et al. 2016). If rice growers are to adopt this new technology and intend to rotate crops 
following its application, research will need to be conducted to evaluate the carryover potential 
of florpyrauxifen-benzyl and its likelihood to cause subsequent crop injury.  
When determining the carryover potential of a herbicide, several chemical characteristics 
such as solubility, soil organic carbon-water partitioning coefficient (Koc), and half-life should 
be considered. The chemical properties of florpyrauxifen-benzyl relative to other auxin-like rice 
herbicides are quite different. For example, triclopyr is a pyridine carboxylic acid that is highly 
water soluble (430 ppm L-1), is loosely bound to soil (Koc = 20 mg L-1), and has a DT50 in soil 
ranging from 10 to 46 days (Vencil 2002). In contrast, florpyrauxifen-benzyl, the second 
herbicide active in the newly formed arylpicolinate family, has low water solubility (0.015 ppm 
L-1), is tightly bound to soil (32,400 mg L-1), and has a DT50 in soil of 1 to 10 days (M. Weimer, 
personal communication) Additionally, the primary degradation mechanism of florpyrauxifen-
benzyl is though microbial activity, as is the case for many herbicides (Walker et al. 1991; 
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Kruger et al. 1997; Mueller and Senseman 2015). Given the chemical properties of 
florpyrauxifen-benzyl outlined above, it would be expected that the compound would have little 
residual activity and be relatively non-persistent in soils. However, research evaluating its 
potential to carryover and cause injury to subsequent crops following its application should be 
examined.   
Given its chemical characteristics listed above, it was hypothesized that rotational crops 
will express a short plant-back interval to florpyrauxifen-benzyl. The objectives of this research 
were to (1) evaluate the sensitivity of common rotational crops the year following applications of 
florpyrauxifen-benzyl and (2) determine soybean injury and quantify the persistence of 
florpyrauxifen-benzyl applied the same growing season prior to planting soybean. 
 
Materials and Methods 
Evaluating the Sensitivity of Common Rotational Crops the Year Following a 
Florpyrauxifen-benzyl Application. In 2014 and 2015, a field experiment was conducted at 
two locations, the University of Arkansas - Rice Research and Extension Center (RREC) near 
Stuttgart, AR and the University of Arkansas - Pine Tree Research Station (PTRS) near Colt, 
AR. At both locations, the experiment was conducted as a randomized complete block design 
with four replications. The soil texture at the PTRS site consisted of a Calloway silt loam soil 
(fine-silty, mixed, active, thermic Aquic Fraglossudalfs) composed of 12% sand, 70% silt, 18% 
clay, with 1.3% organic matter and a pH of 7.5. At the RREC, the soil texture was a DeWitt silt 
loam (fine, smectitic, thermic Typic Albaqualfs) composed of 8% sand, 75% silt, 17% clay with 
1.8% organic matter and pH of 5.0. In 2014, fields at each location were selected and left fallow 
throughout the season. Each plot measured 6.1 m by 18.3 m to have ample room the following 
year to plant rotational crops. 
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Herbicide treatments consisted of florpyrauxifen-benzyl applied at 40 followed by (fb) 40 
g ae ha-1 or 80 fb 80 g ha-1, and a nontreated control was included. At the RREC, the first 
application timing was on May 20, 2014, to simulate an early postemergence (POST) 
application, while the second application was approximately 2 weeks later (June 2, 2014) to 
simulate a preflood application. Similar timings were also performed at PTRS with the first 
application made on May 22, 2014 and the second on June 4, 2014. While no rice was planted in 
the experiment at either location, immediately following the preflood timing, levees were 
established around each plot and a flood was maintained throughout the traditional rice growing 
season. Rainfall and irrigation amounts throughout the duration of the experiment are reported in 
Table 1. All herbicide treatments were applied with a CO2-pressurized backpack sprayer fitted 
with 110015 AIXR flat-fan nozzles (Teejet Technologies, Springfield, IL) calibrated to deliver 
140 L ha-1 at 4.8 km hr-1. 
 In 2015, fields were mowed and cultivated to prepare for planting. The same cultivar for 
each crop was planted at each location with varying seeding rates due to differences in row 
spacing resulting from dissimilar equipment between locations. The cultivars included: DeKalb 
DK46-36 RIB (corn), DeKalb DKS53-67 (grain sorghum), Asgrow AG4733 (soybean), 
Stoneville ST 4946 GLB2 (cotton), and Hunters (sunflower). In Stuttgart, seeding rates included 
corn at 115, 000 seed ha-1, sorghum at 300,000 seed ha-1, soybean at 340,000 seed ha-1, cotton at 
115,000 seed ha-1, and sunflower at 110,000 seed ha-1 with all crops planted on a 97-cm wide 
row spacing on May 27, 2015. Seeding rates for Pine Tree included: corn at 90,000 seed ha -1, 
sorghum at 240,000 seed ha-1, soybean at 275,000 seed ha-1, cotton at 120,000 seed ha-1, and 
sunflower at 86,000 seed ha-1 with all crops planted on a 76-cm wide row spacing on June 5, 
2015. Plots were visually evaluated for injury 28 days after planting (DAP) on a scale of 0 to 
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100%, where 0 represented no injury and 100 represented complete death. Plant heights for each 
crop were also measured 28 DAP. Aboveground biomass was collected for each herbicide 
treatment and crop combination, dried at ≥32 C for 72 hrs, and converted to a percent dry weight 
reduction relative to the nontreated control for each crop.  
Data were subjected to ANOVA using the MIXED procedure in JMP Pro 12 (JMP Pro 
12, SAS Institute Inc. Cary, NC 27513). Herbicide treatments were analyzed as fixed effects 
while replication and location were analyzed as random effects. Where the ANOVA indicated 
significance, means were separated using Fisher’s protected LSD (α=0.05).  
Field Dissipation and Plant-Back Interval for Soybean. A field experiment was conducted in 
2014 and repeated in 2015 at the University of Arkansas-Agricultural Research and Extension 
Center in Fayetteville, AR to evaluate potential plant-back restrictions to soybean following an 
application of florpyrauxifen-benzyl. The soils each year included a mix of Captina silt loam 
(fine-silty, siliceous, active, mesic Typic Fragiudults) and Leaf silt loam (fine, mixed, active, 
thermic Typic Albaqults) composed of 35% sand, 52% silt, 13% clay with 1.7% organic matter 
and pH of 5.8. The experimental design was a randomized complete block with a two-factor 
factorial treatment structure comprised of two rates of florpyrauxifen-benzyl: 30 and 60 g ae ha-1 
applied at four timings: 56, 28, 14, and 0 days before planting (DBP) soybean. In both years, 
fields were prepared through disking and cultivating prior to planting. Immediately following 
field preparation, beds were formed on 0.92 m centers. Each experimental plot contained four 
rows resulting in an overall plot size of 3.7 m wide by 7.62 m long. Each year Pioneer® 95L01 
(Pioneer Hi-Bred International, Inc., Johnston, IA) soybean was planted at approximately a 2-cm 
depth at 120,000 seed ha-1 using a tractor-mounted 7200 MaxEmerge planter.  
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After planting and throughout the growing season, plots were irrigated four to six times 
using an overhead irrigation system and standard soybean production practices typical for the 
region were used. Rainfall and irrigation amounts from the time the experiment was initiated (56 
DBP) until planting were recorded. All herbicide treatments were applied with a CO2-pressurized 
backpack sprayer fitted with 110015 AIXR flat-fan nozzles (Teejet Technologies, Springfield, 
IL) calibrated to deliver 140 L ha-1 at 4.8 km hr-1. In 2014, the trial was initiated on April 11 with 
the 56 DBP treatment. Remaining applications were performed on May 9, May 23, and June 6 
for the 28, 14, and 0 DBP timings respectively. According to measurements collected at the time 
of application, air temperature, relative humidity, and soil temperature ranged from 19 to 27 C, 
47 to 79%, and 15 to 23 C for each of the parameters respectively. The following year, in 2015, 
applications were applied on March 25, April 22, May 6, and May 19, for the 56, 28, 14, and 0 
DBP timings respectively.   
The concentration of florpyrauxifen-benzyl and its primary metabolites present in soil at 
the time of planting were determined each year by collecting 5 soil cores at a 15-cm depth and 
10-cm diameter in each plot immediately following the 0 DBP application and planting. 
Following collection, each of the 5 core samples were dried at approximately 40 C for 24 hr, 
ground to remove any unwanted debris, and a 5 g subsample for each plot was collected. 
Samples were then frozen until the time of extraction. Residues of florpyrauxifen-benzyl (ester) 
and its three primary metabolites (acid, hydroxy acid, and benzyl hydroxy) were extracted from 
soil using a 90/10 acetonitrile/0.1 N HCL (Figure 1). The extracts were decanted, collected in 
one vial and the volume adjusted to 70 mL. An aliquot of the extract was then evaporated to 200 
to 300 L using an automated evaporation system (TurboVap®, Biotage USA LLC, Charlotte, 
NC). The samples were then reconstituted with 25/25/50 acetonitrile/methanol/water solution 
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containing 0.1% formic acid by volume and transferred to high pressure liquid chromatography 
(HPLC) vials. Samples were analyzed for the presence of florpyrauxifen-benzyl and its primary 
metabolites through liquid chromatography with a positive ion electrospray ionization tandem 
mass spectrometry (LC-MS/MS, Agilent 1290 Infinity LC System, AB SCIEX API 6500 
LC/MS/MS System with a Phenomenex Kinetiex 2.6u, PFP 100A column). In addition, stand 
count, crop injury, and plant height data were collected throughout the season as described in the 
previous experiment. Grain yield was also collected at crop maturity by harvesting the two center 
rows from each plot with a small-plot combine and correcting grain yield to 13% moisture.  
Data gathered from florpyrauxifen-benzyl and its primary metabolites recovered from 
soil, stand count, crop injury, plant height, and yield data were subjected to ANOVA using the 
MIXED procedure in JMP Pro 12 (JMP Pro 12, SAS Institute Inc. Cary, NC 27513). Factors 
were analyzed as fixed effects while replication was analyzed as a random effect. Where the 
ANOVA indicated significance, means were separated using Fisher’s protected LSD (α=0.05). 
Results and Discussion 
Evaluating the Sensitivity of Common Rotational Crops the Year Following a 
Florpyrauxifen-benzyl Application. Regardless of the rate applied, visible injury symptoms 
were minimal for all crops evaluated (Table 2). Injury symptoms appeared as minor stunting but 
dissipated quickly after crop emergence. At the highest rate tested of 160 g ha -1, no more than 
3% injury was observed for corn, sorghum, cotton, soybean, or sunflower. In addition, no 
significant differences were observed among the treatments for plant height or aboveground 
biomass, indicating rotational flexibility for commonly rotated crops the year following a 
florpyrauxifen-benzyl application (Tables 3  and 4).  
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 The lack of injury present in this experiment is likely due to the chemical characteristics 
of the compound which favor an overall short persistence in soil. This however is not the case 
with other commonly applied rice herbicides such as imazethapyr which require an 18-month 
plant-back restriction for rotational crops such as cotton, sorghum, and sunflower (Anonymous 
2011). Also, florpyrauxifen-benzyl will most likely be registered at 30 g ha-1 with a maximum 
allowable amount per season of 60 g ha-1 (H. Miller, personal communication). Hence, the 
florpyrauxifen rates evaluated in this study are more than twice as high as those that will likely 
be labeled in rice.   
Field Dissipation and Plant-Back Interval for Soybean. Total rainfall amounts for 2014 and 
2015 were collected (Table 5). There was no significant interaction between the rate of 
florpyrauxifen-benzyl applied and the amount of time before planting for the recovery of the 
parent compound and its primary metabolites from soil. However, significant main effects were 
observed (Tables 6 and 7). The greatest amount of the parent molecule and its primary 
metabolites were recovered from soil treated with 60 g ha -1 of the herbicide compared to 30 g ha-
1. Likewise, more of the parent and its metabolites were recovered from the 0 DBP timing 
compared to the applications made 14, 28, or 56 DBP, which again is attributed to its short half-
life in soil. In this experiment, calculated half-lives of the herbicide applied at 0, 14, 28, and 56 
days indicating the herbicide to express a DT50 of 2 to 4 days. Other auxinic herbicides such as 
aminopyralid (Milestone, Dow AgroSciences LLC, Indianapolis, IN) can exhibit a much longer 
half-life in soil ranging from 32 to 533 days and thereby cause injury to rotational crops such as 
soybean (EPA 2005). Mikkelson and Lym (2011) reported that soybean yield was reduced when 
the auxin herbicide aminopyralid was applied at 120 or 240 g ae ha -1 20 or 23 months before 
planting. While aminopyralid is not labeled for use in rice, it represents an example of an auxinic 
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herbicide that has different chemical characteristics than florpyrauxifen-benzyl and highlights the 
positive environmental profile of this new herbicide.   
Further analysis of the parameters evaluated indicated a significant two-way interaction 
between the rate of florpyrauxifen-benzyl applied and the amount of time before planting for 
stand count, visible injury, plant height, and grain yield (Table 8). Visible estimates of soybean 
injury were highest 4 weeks after planting (WAP) when florpyrauxifen-benzyl was applied 0 
days before planting. These injury assessments corresponded to the highest concentration of 
florpyrauxifen-benzyl recovered from soil at the time of planting. Conversely, soybean injury 
was reduced when florpyrauxifen-benzyl was applied at increasing intervals before planting. At 
8 WAP, soybean plants injured by florpyrauxifen-benzyl had not recovered with the primary 
visible symptoms occurring as stunting and stand loss. Soybean plant height was also 
significantly reduced 4 and 8 WAP relative to the nontreated when 30 or 60 g ha -1 was applied 0 
DBP. Soybean yield was similar to the non-treated control when 30 or 60 g ha-1 of 
florpyrauxifen-benzyl was applied 56 days prior to planting whereas all other treatments 
significantly lowered yield.  
  Soybean plant-back intervals for rice herbicides such as triclopyr (Grandstand, Dow 
AgroSciences LLC, Indianapolis, IN) and quinclorac (Facet L, BASF Corporation, Research 
Triangle Park, NC) can range from 4 to 10 months (Barber et al. 2015). Also, as mentioned in the 
above experiment, florpyrauxifen-benzyl will most likely be registered at 30 ae g ha-1 with a 
maximum allowable amount per season of 60 g ae ha-1. Therefore, with these data collected 
herein, a 2-month plant-back interval would be suggested. It is however important to consider 
that the replant interval following an application of florpyrauxifen-benzyl will likely be 
determined by several factors including soil texture, soil moisture, amount of herbicide applied, 
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and the crop selected for replanting. These results support a relatively short replant interval for 
soybean after florpyrauxifen-benzyl application compared to other herbicides commonly used in 
rice.  
Conclusions and Practical Implications . The results collected from these experiments indicate 
that the 60 g ha-1 maximum allowable use rate per season to be well within the acceptable 
tolerance of common field crops the year after a florpyrauxifen-benzyl application. It appears 
unlikely that there will be strict rotational crop restrictions when planting common row crops the 
year following a florpyrauxifen-benzyl application in rice. In addition, soybean, a common 
rotation crop with rice, exhibits a relatively short plant-back interval compared to other rice 
herbicides. Therefore, rotational crops will express a short plant-back interval following 
applications of florpyrauxifen-benzyl. These studies aim to serve as a starting point in the 
understanding of florpyrauxifen-benzyl carryover in soil and future research should be conducted 
in various soil textures and conditions to better understand the potential for this new herbicide to 
persist in soil and cause injury to subsequent crops.  
  
 82 
Literature Cited 
Anonymous (2011) Newpath herbicide label. BASF Corporation 26 Davis Drive, Research 
Triangle Park, NC 27709 
 
Barber LT, Norsworthy JK, Scott B (2015) Row crop plant-back intervals for common 
herbicides. University of Agriculture Research and Extension MP519 
 
[EPA] Environmental Protection Agency (2005) Environmental fate and ecological risks 
assessment for the registration of aminopyralid. 
http://www.epa.gov/opprd001/factsheets/aminopyralidEFEDRA.pdf 
Accessed: November 21, 2016 
 
Epp JB, Alexander AL, Balko TW, Buysse AM, Brewster WK, Bryan K, Daeuble JF, Fields SC, 
Gast RE, Green RA, Irvine NM, Lo WC, Lowe CT, Renga JM, Richburg JS, Ruiz JM, 
Satchivi NM, Schmitzer PR, Siddall TL, Webster JD, Weimer MR, Whiteker GT, Yerkes 
CN (2016) The discovery of ArlyexTM active and RinskorTM active: Two novel auxin 
herbicides. J Bioorganic Medicinal Chem 24:362-371 
 
Grey TL, LB Braxton, JS Richburg III (2012) Effect of wheat herbicide carryover on double-
crop cotton and soybean. Weed Technol 26:207-212 
 
Hardke JT (2014) Arkansas rice production handbook. University of Arkansas Division of 
Agriculture, Cooperative Extension Service Pp. 53-62 
 
Heap I (2016) The International Survey of Herbicide Resistant Weeds. 
http://www.weedscience.com. Accessed: October 3, 2016 
 
Kruger EL, Rice Pj, Anhalt JC, Anderson TA, Coats JR (1997) Comparison fates of atrazine and 
deethylatrazine in sterile and nonsterile soils. J Environ Qual 26:95-101 
 
Lee S, Sundaram S, Armitage L, Evans JP, Hawkes T, Kepinski S, Ferro N, Napier RM (2013) 
Defining binding efficiency and specificity of auxins for SCFTIR1/AFB-Aux/IAA co-
receptor complex formation. ACS (Am. Chem. Soc.) Chem Biol 9:673-682 
 
Marchesan E, dos Santos FM, Grohs M, de Avila LA, Machado SLO, Senseman SA, Massoni 
PFS, Satori GMC (2010) Carryover of imazethapyr and imazapic to nontolerant rice. 
Weed Technol 24:6-10 
Mikkelson JR, Lym RG (2011) Aminopyralid soil residues affect crop rotation in north dakota 
soils. Weed Technol 25:422-429 
Mueller TC, Senseman SA (2015) Methods related to herbicide dissipation or degradation under 
field or laboratory conditions. Weed Sci Special Issue 63:133-139 
 
 83 
Renner KA, Schabenberger O, Kells JJ (1998) Effect of tillage application method on corn (Zea 
mays) response to imidazolinone residues in soil. Weed Technol 12:281-285 
Vencil WK (2002) Herbicide handbook 8th edition. Weed Science Society of America, Allen 
press 
Walker A, Welch SJ (1991) Enhanced degradation of some soil-applied herbicides. Weed Res 
31:49-57 
 
Zhang W, Webster EP, Braverman MP (2002) Rice (Oryza sativa) response to rotational crop 
and rice herbicide combinations. Weed Technol 16:340-345 
 84 
Table 1. Rainfall and irrigation amounts observed throughout the year after florpyrauxifen-benzyl applications near Stuttgart and Pine 
Tree, AR. 
 Stuttgart   Pine Tree 
Month yr  Irrigation Rainfall  Irrigation Rainfall 
 ----------------------------------- cm ----------------------------------- 
May 2014 0.0 16.3  0.0 13.7 
June 2014 16.0 12.5  16.5 29.0 
July 2014 15.0 2.9  15.0 3.5 
August 2014 15.0 10.3  16.0 3.0 
September 2014 0.0 3.7  0.0 2.1 
October 2014 0.0 12.1  0.0 11.7 
November 2014 0.0 7.7  0.0 5.3 
December 2014 0.0 5.2  0.0 5.5 
January 2015 0.0 5.5  0.0 4.1 
February 2015 0.0 6.6  0.0 9.6 
March 2015 0.0 17.8  0.0 13.5 
April 2015 0.0 12.6  0.0 11.6 
May 2015 0.0 18.9  0.0 10.6 
June 2015 0.0 7.2  0.0 3.5 
a Treatments applied by location: May 20, 2014 and June 2, 2014 (Stuttgart); May 22, 2014 and June 4, 2014 (Pine Tree). 
b Irrigation type at both locations utilized polypipe on a levee-based system to deliver water to the experimental area.  
c Flood initiation and destruction date by location: June 4, 2014 and September 10, 2014 (Stuttgart); June 5, 2014 and September 12, 
2014 (Pine Tree)  
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Table 2. Crop injury 28 days after planting the subsequent season after an application of florpyrauxifen-benzyl on a silt loam soil near 
Stuttgart and Pine Tree, AR, averaged over locations. 
 Injuryab 
Florpyrauxifen-benzyl rate  Corn Sorghum Soybean Cotton Sunflower 
g ae ha-1 % SE % SE % SE % SE % SE 
40 fb 40 0 0 0 0 1 1 0 0 0 0 
80 fb 80 2 1 0 0 3 1 1 0 1 1 
a Mean and the standard error (SE) of the mean. 
b Injury are reported as means followed by the standard error (SE) of the mean.  
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Table 3. Height of crops 28 days after planting the subsequent season after an application of florpyrauxifen-benzyl on a silt-loam soil 
in Stuttgart and Pine Tree, AR, averaged over locations. 
 Heightab 
Florpyrauxifen-benzyl rate  Corn Sorghum Soybean Cotton Sunflower 
g ae ha-1 cm SE cm SE cm SE cm SE cm SE 
--- 87 2 43 1 38 1 52 1 50 1 
40 fb 40 87 2 41 3 39 1 53 2 52 1 
80 fb 80 86 1 44 1 40 1 52 1 52 3 
a Mean and the standard error (SE) of the mean. 
b Height is reported as means followed by the standard error (SE) of the mean.  
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Table 4. Aboveground biomass of crops 28 days after planting the subsequent season after an application of florpyrauxifen-benzyl on 
a silt-loam soil in Stuttgart and Pine Tree, AR, averaged over locations. 
 Aboveground biomass per 2 m of rowab 
Florpyrauxifen-benzyl rate  Corn Sorghum Soybean Cotton Sunflower 
g ae ha-1  g  SE g SE g SE g SE g SE 
--- 114 2 89 2 110 3 106 1 95 3 
40 fb 40 112 3 93 2 120 2 111 3 104 2 
80 fb 80 120 2 91 2 124 1 108 3 108 2 
a Mean and the standard error (SE) of the mean. 
b Biomass is reported as means followed by the standard error (SE) of the mean.  
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Table 5. Rainfall and irrigation amounts observed after florpyrauxifen-benzyl applications up to planting soybean in Fayetteville, 
AR.a,b,c 
 2014  2015 
DBP Irrigation Rainfall  Irrigation Rainfall 
 --------------------------------------- cm --------------------------------------- 
56 0.0 7.5  0.0 6.1 
28 6.1 6.4  4.2 7.4 
14 4.2 5.2  3.6 11.3 
0 0 0  0 0 
a DBP = days before planting 
b Treatments applied by year: April 11, 2014 (56 days before planting treatment); May 9, 2014 (28 days before planting treatment); 
May 23, 2014 (14 days before planting treatment); June 6, 2014 (0 days before planting treatment); March 25, 2015 (56 days before 
planting treatment); April 22, 2015 (28 days before planting treatment); May 6, 2015 (14 days before planting treatment); May 19, 
2015 (0 days before planting treatment). 
c Overhead sprinkler irrigation 
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Table 6. Effect of florpyrauxifen-rate on recovery of the parent molecule and its primary metabolites from a silt loam soil in 
Fayetteville, AR, averaged over 2014 and 2015. 
 Form of florpyrauxifen-benzyl recovered  
Rate of florpyrauxifen-benzyl Benzyl ester Acid Benzyl hydroxy Hydroxy acid 
g ae ha-1 --------------------------------------------- ppb ------------------------------------------------------ 
30 2.25 ba 0.28 b 0.08 b 0.32 b 
60 5.87 a 0.63 a 0.18 a 0.75 a 
a Means within columns followed by different letters are significantly different using Fisher’s protected Least Significant Difference (α 
= 0.05).  
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Table 7. Effect of application timing on recovery of the parent molecule and its primary metabolites from a silt loam soil in 
Fayetteville, AR, averaged over 2014 and 2015. 
 Form of florpyrauxifen-benzyl recovered at planting 
Days before planting soybean Benzyl ester Acid Benzyl hydroxy Hydroxy acid 
 
------------------------------ppb------------------------------ 
0 11.62 aa 1.18 a 0.35 a 1.36 a 
14 2.46 b 0.38 b 0.10 b 0.52 b 
28 1.18 b 0.19 b 0.06 b 0.14 b 
56 0.96 b 0.08 b 0.05 b 0.10 b 
a Means within columns followed by different letters are significantly different using Fisher’s protected Least Significant Difference (α 
= 0.05).  
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Table 8. Effect of florpyrauxifen-benzyl rate and application on soybean injury, plant height, and grain yield, averaged over 2014 and 
2015. 
  Stand count Injury Plant height Grain yield 
Rate DBPa 2 WAPb 4 WAP 8 WAP 4 WAP 8 WAP   
g ae ha-1  Plants m-1 row --------- % ----------- -------- cm ---------- kg ha-1 
--- --- 26 ac --- --- 32 a 80 a 1,970 a 
30 
0 3 d 97 ab 98 a 2 c 4 c 300 e 
14 13 c 56 c 22 c 23 ab 77 ab 1,610 b 
28 23 ab 10 d 8 c 28 a 79 a 1,650 b 
56 25 a 2 d 0 c 31 a 81 a 1,850 ab 
60 
0 2 d 99 a 99 a 1 c 1 c 270 e 
14 5 cd 86 b 83 a 9 b 26 b 780 d 
28 8 c 66 c 50 b 18 ab 57 ab 1,200 c 
56 23 ab 9 d 11 c 28 a 76 a 1,810 ab 
a DBP = days before planting 
b WAP = weeks after planting 
c Means within columns followed by different letters are significantly different using Fisher’s protected Least Significant Difference (α 
= 0.05).  
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Figure 1. Degradation pathway for florpyrauxifen-benzyl parent and primary metabolites. Source: Dow AgroSciences LLC
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Chapter 5 
Determination of Common Row Crop Sensitivity to Reduced Rates  
of Foliar-Applied Florpyrauxifen-benzyl 
 
Abstract 
In a greenhouse experiment, soybean, cotton, corn, grain sorghum, and sunflower were subjected 
to 1/10x (3 g ae ha-1), 1/100x (0.3 g ha-1), or 1/500x (0.06 g ha-1) of florpyrauxifen-benzyl. Corn 
and grain sorghum were not affected (0% visible injury) by any of the drift rates used in the 
experiment, and no significant differences were observed for plant height or dried biomass when 
compared to the non-treated control. Visible injury 14 days after treatment (DAT) was the 
greatest with soybean (96%) when exposed to the highest drift rate of 1/10x or 3 g ha -1 of 
florpyrauxifen-benzyl and was significantly higher than all other crops and drift rates. Cotton and 
sunflower were also injured 85 and 83%, respectively, by the 1/10x rate but had less injury when 
a 1/100x or 1/500x rate was applied (injury ranging from 9 to 33%). By 28 DAT, visible injury 
remained to soybean was 99% from the 1/10x rate of florpyrauxifen-benzyl while only 21 and 
3% injury was observed from the 1/100x and 1/500x rates, respectively. It was concluded that 
the negative effects on soybean, cotton, and sunflower primarily resulted from exposure to the 
highest drift rate tested (1/10x) and only soybean expressed negative effects from the lower rate 
of 1/100x. A field study was also conducted to (1) evaluate the sensitivity of soybean to low 
concentrations of florpyrauxifen-benzyl during vegetative and reproductive development and (2) 
compare soybean injury and yield following applications of florpyrauxifen-benzyl and dicamba 
across various growth stages and concentrations. Soybean were treated with 1/10, 1/20, 1/40, 
1/80, 1/160, 1/320, or 1/640 of the 1X rate of florpyrauxifen-benzyl (30 g ae ha-1) or dicamba 
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(560 g ae ha-1) at the V3 and R1 growth stage. Florpyrauxifen-benzyl applied at a rate of 1/10 to 
1/40X caused significant foliar injury and subsequent height reduction. In comparison, dicamba 
applied at the same rates caused slightly less injury and growth reductions. As drift rate of 
florpyrauxifen-benzyl decreased from 1/10 to 1/640X, the level of soybean injury dissipated 
rather quickly.  However, this was not the case with dicamba, as substantial injury was observed 
with rates as low as 1/640X.  
Nomenclature: Florpyrauxifen-benzyl; corn, Zea mays L.; cotton, Gossypium hirsutum L.; grain 
sorghum, Sorghum bicolor L.; soybean, Glycine max (L.) Merr.; sunflower, Helianthus annuus 
L.    
Key words: Auxin, florpyrauxifen-benzyl, herbicide drift, off-target movement, rice, soybean   
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Introduction 
Historically, auxin-type herbicides, such as dicamba, have been a concern to herbicide 
applicators because of frequent injury to adjacent broadleaf crops as a result of off-target 
movement (Auch and Arnold 1978; Weidenhamer 1989). Off-target movement of herbicides, 
otherwise referred to as drift, occurs as a result of either physical spray drift or vapor drift. The 
latter, is primarily a function of volatilization that takes place after spray particles reach their 
intended site and can be influenced by various abiotic factors such as temperature and relative 
humidity (Egan and Mortenson 2012; Mueller et al. 2013). As such, increased temperature and 
low humidity tends to intensify the risk for volatility to occur by increasing the amount of 
atmospheric space for evaporation to take place (Mueller et al. 2013). Additionally, the vapor 
pressure of herbicidal compounds can also greatly influence the occurrence of vapor drift. As a 
general rule, the higher the vapor pressure of a specific herbicide the greater the risk it has to 
volatilize.  
In contrast to vapor drift, physical particle drift is not greatly influenced by the chemical 
characteristics of the herbicide and alternatively occurs at the time of application, instead of 
sometime afterwards. Factors that impact the application itself, primarily wind speed, play a 
major role in the likelihood of physical drift occurrence (Maybank et al. 1978). Yarpuz-
Bozdogan (2011) reported that improper application speed, boom height, and nozzle selection 
can also contribute to the occurrence of physical drift. For many commercial applicators, time is 
always a concern. However, if applicators are able to take the necessary precautions, physical 
drift can be combated in several ways. First and foremost, wind speeds should not be in excess of 
the label restrictions, nozzle sizes should produce the largest possible droplet size without the 
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threat of jeopardizing herbicide efficacy, and lower pressure combined with high spray volumes 
should be used whenever possible (Maybank et al. 1978; Wolf et al. 1992; Womac et al. 1997).  
Dicamba drift is a major concern within the agricultural community (Riar et al. 2013). 
Dicamba is a synthetic auxin herbicide in the benzoic acid family which is currently sold under 
numerous trade names.  Dicamba is marketed as the dicamba acid, dimethylamine salt of 
dicamba, diglycolamine salt of dicamba, sodium salt of dicamba, and most recently the N, N-
Bis-(aminopropyl) methylamine salt of dicamba. Currently, dicamba-containing products are 
registered for use in corn, grain sorghum, various small grains, and pasture. The herbicide can 
also be applied in cotton and soybean as dicamba-resistant technologies are now offered 
commercially (XtendTM, Monsanto, St. Louis, MO).  
Previous research has reported numerous consequences of dicamba drift onto non-
dicamba-resistant soybean such as reduced growth, fewer seeds per pod, lower seed quality, 
maturity delays, and pod malformation (Anderson et al. 2004; Auch and Arnold 1978; Griffin et 
al. 2013; Kelley et al. 2005; Wax et al. 1969; Weidenhamer et al. 1989). Symptomology can be 
slight such as chlorosis of the terminal buds, cupping or crinkling of canopy leaves, and leaf or 
stem epinasty. Higher rates can result in stem cracking, terminal death, or plant death (Griffin et 
al. 2013; Solomon and Bradley 2014; Thompson and Egli 1973). Soybean sensitivity is such that 
dicamba visible symptoms can often be seen even when quantitative instrumentation cannot 
detect the presence of molecules in plant tissue, suggesting that soybean is perhaps a better 
indicator of dicamba than analytical technology (Marquardt and Luce 1961; Yip 1962; Lorah and 
Hemphill 1974; Andersen et al. 2004).   
The continued evolution of herbicide-resistant weeds is arguably the top concern in the 
weed science community today. In rice (Oryza sativa L.), new weed control technologies are 
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needed as a result of the stress that barnyardgrass (Echinochloa crus-galli L. Beauv.) and other 
weeds continue to place on current production systems. In light of this concern, many chemical 
companies have revamped their herbicide discovery programs. Florpyrauxifen-benzyl (Dow 
AgroSciences LLC, Indianapolis, IN) is a herbicide currently under development in rice, which 
will represent the second herbicide in a new structural class of synthetic auxins. This herbicide 
provides an alternative site of action in rice and displays broad-spectrum, postemergence control 
of broadleaf, grass, and sedge species at low use rates (Miller and Norsworthy 2015). While the 
potential benefits that florpyrauxifen-benzyl can bring to the rice weed control market are clear, 
auxin-type herbicides, such as dicamba, have historically been a concern to soybean growers in 
terms of drift. In Arkansas and other midsouthern U.S. rice-producing states, soybean is 
frequently grown as a rotational crop with rice, and it is common for soybean fields to be located 
adjacent to rice fields thereby presenting that the potential for off-target movement of rice 
herbicides onto soybean exist. 
The purpose of this research was to evaluate the potential for florpyrauxifen-benzyl to 
injure neighboring crops due to off-target movement relative to dicamba. Due to its auxin-like 
nature, florpyrauxifen-benzyl applied at low drift rates will likely cause significant injury to 
soybean and result in injury and yield loss similar to dicamba. The objectives were to (1) 
evaluate the sensitivity of corn, cotton, grain sorghum, soybean, and sunflower to florpyrauxifen-
benzyl and (2) evaluate and compare soybean injury and yield following applications of 
florpyrauxifen-benzyl or dicamba across various concentrations. 
 
Materials and Methods 
Sensitivity of Common Field Crops to Florpyrauxifen-benzyl. A greenhouse experiment was 
conducted during the spring of 2014 and repeated in the fall of the same year at the University of 
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Arkansas - Altheimer laboratory located in Fayetteville, AR. The experiment was arranged as a 
completely randomized design with a two-factor factorial treatment structure and four 
replications. The first factor consisted of florpyrauxifen-benzyl rate: 0 (none), 1/10 (3 g ae ha-1), 
1/100 (0.3 g ha-1), or 1/500 (0.06 g ha-1) of the purposed 1x rate (30 g ha-1) of the herbicide. The 
second factor included crop: soybean, cotton, sunflower, grain sorghum, and corn. The cultivars 
included: Asgrow AG4730 (soybean), Stoneville ST 4946 GLB2 (cotton), Hunters (sunflower), 
DeKalb DKS53-67 (grain sorghum), and DeKalb DK46-36 RIB (corn). Seed from each crop 
were sown in individual pots (6 cm in diameter) containing potting mix in a greenhouse with 
32/22 C day/night temperatures and later thinned to one plant per pot. At the time of application, 
crops were at an early vegetative growth stage and heights averaged 13, 12, 15, 20, and 21 cm 
for soybean (V3), cotton (4 leaf), sunflower (3 leaf), grain sorghum (V2), and corn (V2), 
respectively. Solutions were prepared using serial dilutions to achieve accurate concentrations to 
which 2.5% v/v methylated seed oil concentrate (MSO concentrate with LECI-TECH, Loveland 
Products, Loveland, CO) was added. Applications were applied inside of a stationary spray 
chamber with a two-nozzle boom track sprayer fitted with flat-fan 800067 nozzles (TeeJet 
Technologies, Springfield, IL) calibrated to deliver 187 L ha-1 at 276 kPa.  
 Visual estimates of injury were recorded 14 and 28 days after treatment (DAT) on a scale 
ranging from 0 to 100%, were 0 represented no injury and 100 represented completed crop death. 
Plant heights were also collected for each crop (treated and non-treated) 14 and 28 DAT. In 
addition, aboveground biomass was collected, dried, and weighed 28 DAT. For each crop, plant 
heights and dry biomass weights were then converted to a percent dry weight reduction relative 
to the non-treated control.  
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 Data were subjected to ANOVA using the MIXED procedure in JMP Pro 12 (JMP Pro 
12, SAS Institute Inc. Cary, NC 27513) and factors were analyzed as fixed effects. Where the 
ANOVA indicated significance, means were separated using Fisher’s protected LSD (α=0.05). 
Comparison of Soybean Injury and Yield Following Applications of Florpyrauxifen-benzyl 
or Dicamba. A field experiment was conducted in 2014 and 2015 at the University of Arkansas-
Agricultural Research and Extension Center (AAREC) in Fayetteville, AR. The soil texture in 
the experimental area included a mix of Captina silt loam (fine-silty, siliceous, active, mesic 
Typic Fragiudults) and a Leaf silt loam (fine, mixed, active, thermic Typic Albaqults). In both 
years, fields were prepared through disking and cultivating prior to planting. Each experimental 
plot contained four rows spaced 91 cm apart resulting in an overall plot size of 3.6 m wide by 
7.62 m long. In both years, a glyphosate-resistant soybean (Asgrow®, Monsanto, St. Louis, MO) 
cultivar was planted; AG4730 was planted on May 22, 2014 and AG4933 was planted on May 1, 
2015. Soybean was planted at a 2-cm depth at 296,000 seed ha-1 using a tractor-mounted John 
Deere 7200 MaxEmerge planter (John Deere Seeding Group, Moline, IL). Plots were irrigated 
four to six times using an overhead lateral irrigation system and standard soybean production 
practices typical for the region were used. All herbicide treatments were applied to the two center 
rows with a CO2-pressurized backpack sprayer fitted with 110015 AIXR nozzles (Teejet 
Technologies, Springfield, IL) calibrated to deliver 143 L ha-1 at 4.8 km hr-1. The experiment was 
arranged as a randomized complete block design with a three-factor factorial treatment structure 
and four replications. The first factor consisted of soybean growth stage where either 
florpyrauxifen-benzyl or dicamba were applied at the V3 or R1 growth stage. The second factor 
consisted of the herbicide treatment where either florpyrauxifen-benzyl or dicamba (Clarity®, 
BASF, Research Triangle Park, NC) was applied. The third factor consisted of the concentration 
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of florpyrauxifen-benzyl or dicamba used, where either 0, 1/10, 1/20, 1/40, 1/80, 1/160, 1/320, or 
1/640 of the 1x rate of dicamba (1X rate = 560 g ae ha-1) or florpyrauxifen-benzyl (1X rate = 30 
g ae ha-1) was applied at the appropriate growth stage.  
 Visible estimates of soybean injury were rated throughout the year on a scale of 0 to 
100%, where 0 represented no injury and 100 represented complete crop death. In addition, 
soybean plant heights were collected throughout the season by measuring the distance from the 
ground to the tip of the most fully expanded leaf for five plants within each plot. Yield was 
determined at maturity by harvesting the two center rows from each plot with a small-plot 
combine and correcting to 13% moisture. All data were presented as a percentage of the non-
treated check for the parameters measured. Data were first tested for normality to comply with 
the assumptions of homogeneous variance. Herbicide drift rate was transformed using the natural 
log of the fractional rate of the herbicide used. All data were regressed with a nonlinear 
regression model using JMP Pro 12 (JMP Pro 12, SAS Institute Inc. Cary, NC 27513) and graphs 
were constructed using Sigmaplot v13 (Systat Software Inc., San Jose, CA). A two-parameter 
exponential growth model was selected and fit for all parameters based on minimum AIC/BIC 
comparisons and then used for the nonlinear regression which is indicated below: 
Y = a*exp(b*X) 
where Y is the response (i.e. soybean injury 28 DAT), a is the asymptote, and b is the growth 
rate. For each treatment, data from 2014 and 2015 were pooled and then fit to the exponential 
growth model resulting in better predictions of soybean response to dicamba and florpyrauxifen-
benzyl at V3 and R1 growth stages.   
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Results and Discussion 
Sensitivity of Common Field Crops to Florpyrauxifen-benzyl. The ANOVA indicated a 
significant two-way interaction (P≤0.05) between crop and herbicide drift rate for visible injury, 
plant height, and aboveground biomass (Table 1). Corn and grain sorghum were not affected (0% 
visible injury) by any of the drift rates used in the experiment, and no differences were observed 
for plant height or biomass when compared to the non-treated control. Visible injury 14 days 
after treatment (DAT) was the greatest with soybean (96%) when exposed to the highest 
concentrated drift rate of 1/10x (3 g ha-1) of florpyrauxifen-benzyl and was significantly higher 
than all other crops and drift rates. At 14 DAT, soybean injury was 44 and 20% from the 1/100x 
and 1/500x drift rates, respectively. With crops such as soybean, cotton, and sunflower, where 
visible injury was observed, symptomology was typically expressed as severe leaf and stem 
epinasty and stunting, followed by chlorosis and necrosis of leaves and stems from the highest 
rate (1/10x). Symptomology of the same crops to lower rates such as 1/100x or 1/500x were 
expressed as minor stunting and leaf and stem epinasty. While the greatest injury 14 DAT was to 
soybean, cotton and sunflower were also injured 85 and 83%, respectively, by the 1/10x rate. 
However, these crops had significantly less injury when a 1/100x or 1/500x rate was applied 
(injury ranging from 9 to 33%). By 28 DAT, visible injury remained the highest with soybean 
(99% injury) from the 1/10x rate of florpyrauxifen-benzyl while only 21 and 3% injury was 
observed from the 1/100x and 1/500x rates, respectively. This result indicates that while soybean 
can be significantly injured from high simulated drift rates (1/10x), the injury appears to 
dissipate quickly as dose decreases (1/100x or 1/500x). Cotton and sunflower did recover slightly 
by 28 DAT but still sustained 77 and 69% injury respectively from the 1/10x rate of 
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florpyrauxifen-benzyl. However, by 28 DAT injury only ranged from 0 to 14% when either of 
the crops were subjected to a 1/100x or 1/500x rate.  
 As a result of low rates of florpyrauxifen-benzyl stunting soybean, cotton, and sunflower, 
significant differences were observed for plant height and aboveground biomass. At 14 and 28 
DAT, each of the three affected crops had height reduction relative to a non-treated control when 
treated with a 1/10x rate of florpyrauxifen-benzyl. However, only soybean expressed height 
reduction from the 1/100x rate when compared to its non-treated control. Similarly, aboveground 
biomass for the three crops was less than the respective non-treated control when treated with a 
1/10x rate.  Only soybean had a reduction in biomass caused by the 1/100x rate.  
 Based on these results, several inferences regarding the sensitivity of crops to low rates of 
florpyrauxifen-benzyl can be made. First, corn and grain sorghum are likely to be tolerant to 
even high drift rates of florpyrauxifen-benzyl. Second, soybean, cotton, and sunflower had some 
sensitivity to even low rates of the herbicide, which in turn caused noticeable injury, as well as a 
decrease in plant height and biomass accumulation. Finally, while negative effects were observed 
for soybean, cotton, and sunflower, they primarily resulted from exposure to the highest rate 
tested (1/10x). Only soybean expressed negative effects from the lower rate of 1/100x. 
Therefore, these data lead to the suggestion that soybean will likely express some sensitivity to 
off-target movement of florpyrauxifen-benzyl in the field if applied to rice in the direct vicinity 
of soybean with the wind blowing toward the sensitive crop.         
Comparison of Soybean Injury and Yield Following Applications of Florpyrauxifen-benzyl 
or Dicamba. At 28 DAT, soybean injury from florpyrauxifen-benzyl and dicamba increased 
exponentially as rate increased from 1/640x to 1/10x, regardless of growth stage (Figure 1). In 
addition, soybean injury was greater when exposure occurred at V3 than R1 for both herbicides. 
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At V3, florpyrauxifen-benzyl at 1/10x (3 g ha-1) caused 96 to 97% injury, whereas the same rate 
applied at R1 resulted in 79 to 85% injury. A similar trend was observed for dicamba. The 
increased sensitivity of soybean to either of these auxinic herbicides at an early growth stage 
(V3) is likely attributed to increased absorption at this younger, more rapid vegetative growth 
compared to the same plant at a more mature growth stage, and a greater concentration of 
herbicide per gram of biomass relative to later exposure (R1) (Devine 1989; Wanamarta and 
Penner 1989).  
 High rates (1/10x or 1/20x) of florpyrauxifen-benzyl caused significant soybean injury 28 
DAT (Figure 1). However, as the rate decreased from 1/10x (3 g ha -1) towards 1/640x (0.047 g 
ha-1), soybean injury resulting from florpyrauxifen-benzyl declined rapidly. The same, however, 
was not observed with dicamba which caused 20% injury even at the lowest rate (1/640x) and 
was higher than florpyrauxifen-benzyl (0%). Previous research has also reported significant 
soybean injury from low rates of dicamba (Griffin et al. 2013; Solomon et al. 2014; Norsworthy 
et al. 2015). Hence, these findings indicate that while florpyrauxifen-benzyl (1/10x) will cause 
significant soybean injury at a high drift rate, that injury will dissipate quickly as the rate 
decreases. It would then be practical to suggest that soybean immediately next to a 
florpyrauxifen-benzyl drift might incur substantial injury, but that injury would likely diminish 
rather quickly with concentration across the field. While both herbicides are auxinic, it is 
important to note that the symptomology caused by the herbicides is quite different in soybean 
(Figure 2). Dicamba primarily displays symptomology such as cupping of leaves, stunting, and 
pod malformation (Weidenhamer et al. 1989; Anderson et al. 2004; Griffin et al. 2013). In 
contrast, soybean displays blistering, leaf and stem epinasty, and reduced growth from exposure 
to low rates of florpyrauxifen-benzyl (personal visual observation).     
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 As mentioned previously, reduced growth can be a symptom of soybean when exposed to 
low rates of either of these auxin herbicides. Soybean that received no herbicide treatment were 
72 and 88 cm tall 28 DAT for V3 and R1, respectively (data not shown). At 28 DAT, soybean 
height reduction from florpyrauxifen-benzyl and dicamba increased exponentially as rate 
increased from 1/640x to 1/10x, regardless of growth stage (Figure 3). At the highest drift rate of 
dicamba (56 g ha-1) and florpyrauxifen-benzyl (3 g ha-1), a height reduction of 45 to 50% and 55 
to 65% was observed across V3 and R1 for each herbicide, respectively. Similar to injury, height 
reductions dissipated as the rate of florpyrauxifen-benzyl decreased more rapidly than dicamba. 
Dicamba caused 16% reduction at the lowest rate (1/640x) compared to 0% with 
florpyrauxifen-benzyl. Griffin et al. (2013) also reported reduced soybean growth when it was 
subjected to low rates of dicamba at V3 and R1 growth stages.   
 Soybean that received no herbicide treatment produced a seed yield of 2,690 and 2,620 
kg ha-1 in 2014 and 2015, respectively (data not shown). Similar to injury and height, soybean 
yield reduction from florpyrauxifen-benzyl and dicamba increased exponentially as rate 
increased from 1/640x to 1/10x, regardless of growth stage (Figure 4). Previous research has 
documented numerous negative consequences of dicamba drift onto soybean such as fewer seeds 
per pod, lower seed quality, pod malformation, and reduced yield (Wax et al. 1969; Auch and 
Arnold 1978; Weidenhamer et al. 1989; Anderson et al. 2004; Kelley et al. 2005; Griffin et al. 
2013; Norsworthy et al. 2015). Similar results were observed herein where dicamba caused 10 to 
62% yield loss across all rates and growth stages. Unlike dicamba, florpyrauxifen-benzyl caused 
5 to 71% yield reduction from 1/40x to 1/10x (0.75 to 3 g ae ha-1) of the herbicide, and all other 
rates resulted in a yield similar to the non-treated control, across both growth stages. Therefore, 
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initial hypothesis is not accepted because low rates of florpyrauxifen-benzyl on soybean will 
result in less injury and yield loss than dicamba.    
Conclusions and Practical Implications . Results from these experiments show that soybean is 
more sensitive to florpyrauxifen-benzyl compared to corn, cotton, grain sorghum, and sunflower. 
Rates ranging from 1/10x to 1/40x of this new auxin herbicide can cause significant visible 
injury, height reductions, and yield reductions in soybean. Florpyrauxifen-benzyl may be as 
damaging or more damaging to soybean than dicamba at these rates. However, lower rates of 
1/160x to 1/640x florpyrauxifen-benzyl result in little to no injury, height or yield reduction, and 
are far less damaging to soybean than dicamba. Therefore, if off-target injury to soybean from 
florpyrauxifen-benzyl occurs during either of the growth stages examined herein, the chances for 
recovery and no yield loss will increase as drift concentration decreases.  
In Arkansas, soybean is typically planted from May 1 to July 15 dependent on various 
factors while rice is planted from March 15 to May 31. Therefore, with the anticipated restriction 
for a preflood application of florpyrauxifen-benzyl (H. Miller, personal communication), the 
potential to injure soybean is greatest during vegetative development. Results in this experiment 
found slightly less injury, height and yield reductions at R1 compared to V3 for either of the 
herbicides. However, further research is needed to determine the response of soybean to 
florpyrauxifen-benzyl under different reproductive growth stages and maturity groups. Dicamba 
is known to have its greatest impact on yield during the early reproductive stages and damage to 
progeny caused by dicamba drift the following year is greatest at the R5 growth stage (Griffin et 
al. 2013; Barber et al. 2014).   
Based on this and other weed control research, it is suggested that the positive attributes 
of this new herbicide will outweigh the slight risks for off-target movement onto soybean (Miller 
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and Norsworthy 2015). However, growers and applicators should use extreme caution when 
applying florpyrauxifen-benzyl to a rice field where soybean is adjacent. In addition, given its 
unique binding site, newly commercialized soybean cultivars expressing resistance to dicamba or 
2,4-D will not protect against off-target movement of this herbicide (Epp et al. 2016). 
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Table 1. Effect of florpyrauxifen-benzyl drift rate on corn, sorghum, soybean, cotton, and 
sunflower injury, plant height and aboveground biomass reduction, averaged over 
experimental runs.a   
    Injury Plant height Biomass 
Crop Florpyrauxifen-
benzyl rate 
 14 
DATb 
28 
DAT 
14 
DAT 
28 
DAT 
28 DAT 
 Fraction g ae 
ha-1 
 ---------------% of non-treated------------------- 
Corn 
        
1/10 3  - - - - - 
1/100 0.3  - - - - - 
1/500 0.06  - - - - - 
          
Sorghum 
        
1/10 3  - - - - - 
1/100 0.3  - - - - - 
1/500 0.06  - - - - - 
              
Soybean 
           
1/10 3  96 a 99 a 66 a 57 a 72 A 
1/100 0.3  44 c 21 c 35 b 28 b 36 B 
1/500 0.06  20 e 3 d 2 c 0 c 1 C 
              
Cotton 
           
1/10 3  85 b 77 b 38 b 33 b 46 b 
1/100 0.3  33 d 14 cd 1 c 0 c 0 c 
1/500 0.06  10 f 1 d 0 c 0 c 0 c 
              
Sunflower 
           
1/10 3  83 b 69 b 65 a 66 a 30 b 
1/100 0.3  15 ef 8 d 7 c 2 c 0 c 
1/500 0.06  9 f 0 d 0 c 0 c 0 c 
a Means within columns followed by different letters are significantly different using Fisher’s 
protected LSD (α = 0.05).  
b DAT=days after treatment 
bHeight and biomass of nontreated: corn (21 cm, g), sorghum (20 cm, g), soybean (13 cm, g), 
cotton (12 cm, g), sunflower (15 cm,g) 
 
 
 
 
 
 
 
 
 
 110 
 
 
 
Figure 1. Soybean injury 28 days after treatment (DAT) as affected by rate of dicamba or 
florpyrauxifen-benzyl applied at V3 or R1 growth stages at Fayetteville in 2014 and 2015. 
Abbreviations: V3, vegetative third trifoliate; R1, reproductive first bloom; a, asymptote of the 
curve; b, growth point of the curve. Two parameter exponetial model Y = a*exp(b*X) where Y is 
the response, a is the asymptote, and b is the growth rate: 
Dicamba rate vs V3 y = 129.10exp(0.2515x) 
Dicamba rate vs R1 y = 128.14exp(0.2219x) 
Florpyrauxifen-benzyl rate vs V3 y = 910.13exp(0.9746x) 
Florpyrauxifen-benzyl rate vs R1 y = 912.02exp(0.9817x)  
 
 
 
 
 
(g ae ha-1)  
 111 
 
 
 
Figure 2. Soybean symptomology 28 days after treatment (DAT) as affected by 1/160x rate of 
dicamba or florpyrauxifen-benzyl.  
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Figure 3. Soybean height reduction 28 days after treatment (DAT) as affected by rate of dicamba 
or florpyrauxifen-benzyl applied at V3 or R1 growth stages at Fayetteville in 2014 and 2015. 
Abbreviations: V3, vegetative third trifoliate; R1, reproductive first bloom; a, asymptote of the 
curve; b, growth point of the curve. Two parameter exponetial model Y = a*exp(b*X) where Y is 
the response, a is the asymptote, and b is the growth rate: 
Dicamba rate vs V3 y = 126.14exp(0.2725x) 
Dicamba rate vs R1 y = 127.08exp(0.2627x) 
Florpyrauxifen-benzyl rate vs V3 y = 908.21exp(0.9814x) 
Florpyrauxifen-benzyl rate vs R1 y = 910.14exp(0.9823x) 
Nontreated soybean measured 41 and 73 cm 28 DAT for V3 and R1 growth stages respectively 
 
 
  
(g ae ha-1) 
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Figure 4. Soybean yield reduction as affected by rate of dicamba or florpyrauxifen-benzyl 
applied at V3 or R1 growth stages at Fayetteville in 2014 and 2015. Abbreviations: V3, 
vegetative third trifoliate; R1, reproductive first bloom; a, asymptote of the curve; b, growth 
point of the curve. Two parameter exponetial model Y = a*exp(b*X) where Y is the response, a is 
the asymptote, and b is the growth rate: 
Dicamba rate vs V3 y = 125.26exp(0.2589x) 
Dicamba rate vs R1 y = 126.64exp(0.2439x) 
Florpyrauxifen-benzyl rate vs V3 y = 907.47exp(0.9814x) 
Florpyrauxifen-benzyl rate vs R1 y = 908.83exp(0.9874x) 
 Nontreated soybean yielded 2, 788 kg ha-1  
 
 
 
 
(g ae ha-1) 
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Chapter 6 
 
Soybean Sensitivity to Low Rates of Florpyrauxifen-benzyl During Reproductive Growth 
and the Impact on Subsequent Progeny 
Abstract 
To address recent concerns related to auxin herbicide drift onto soybean, a study was developed 
to understand the susceptibility of reproductive soybean to dicamba and a new auxin herbicide. 
Recently, Dow AgroSciences announced that florpyrauxifen-benzyl is under development as the 
second herbicide in a new structural class of synthetic auxins. Field studies were conducted to (1) 
evaluate and compare reproductive soybean injury and yield following applications of 
florpyrauxifen-benzyl or dicamba across various concentrations and reproductive growth stages 
and (2) determine if low-rate applications of florpyrauxifen-benzyl or dicamba to soybean in 
reproductive stages would have similar effect on the progeny produced by the affected plants. 
Soybean were treated with 0, 1/20, or 1/160, of the 1X rate of florpyrauxifen-benzyl (30 g ae ha-
1) or dicamba (560 g ae ha-1) at R1, R2, R3, R4, or R5 growth stage. Visible soybean injury 14 
DAT from the 1/20x rate of florpyrauxifen-benzyl and dicamba ranged from 6 to 66%, across all 
five reproductive growth stages evaluated. In addition, soybean plant height and yield was 
reduced from 1/20x dicamba across all reproductive stages. High drift rates (1/20x) of 
florpyrauxifen-benzyl also reduced soybean plant height >25% and yield across R1 to R4 stages. 
Germination, stand, plant height, and yield of the offspring from dicamba and florpyrauxifen-
benzyl treated soybean plants was significantly affected. Dicamba applied at a rate of 1/20x at 
R4 and R5 resulted in a 20 and 35% yield reduction for the offspring, respectively. A similar 
reduction occurred from florpyrauxifen-benzyl applied at R4 and R5 at the 1/20x rate, resulting 
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in 15 to 24% yield reduction for the offspring. Based on these findings, it is suggested that 
growers utilize caution when applying these herbicides in the vicinity of reproductive soybean.   
Nomenclature: Florpyrauxifen-benzyl; rice, Oryza sativa L; soybean, Glycine max (L.) Merr.  
Key words: Auxin, florpyrauxifen-benzyl, herbicide drift, off-target movement, progeny, 
reproductive, rice, soybean.   
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Introduction 
Dicamba, an auxin type herbicide, has generally concerned soybean growers due to its 
tendency to move off-target, cause injury, and reduce yield (Auch and Arnold 1978). Recently 
dicamba has gained  registeration for over-the-top use in soybean, and was previously registered 
for use in corn (Zea mays L.), grain sorghum (Sorghum bicolor L.), various small grains, pasture 
land, and as a preplant burndown in soybean. In addition, dicamba-resistant cotton and soybean 
technologies have been developed through advancements in biotechnology and are commercially 
available (XtendTM, Monsanto, St. Louis, MO). While it is important to note that while 
advancements in weed control technology are needed, proper stewardship must be the highest 
priority (Norsworthy et al. 2012; Norsworthy et al. 2015).  
Previous research has outlined the potential damage herbicides such as dicamba can 
cause to soybean (Norsworthy et al. 2015). More specifically, research has documented that 
dicamba drift onto non-dicamba-resistant soybean can cause numerous negative effects such as 
reduced growth, fewer seeds per pod, lower seed quality, maturity delays, and pod malformation 
(Anderson et al. 2014; Auch and Arnold 1978; Griffin et al. 2013; Kelley et al. 2005; Wax et al. 
1969; Weidenhamer et al. 1989). This injury, while potentially detrimental to soybean at all 
growth stages, tends to be exacerbated, resulting in larger yield reductions, when the drift event 
occurs during reproductive growth stages (Griffin et al. 2013, Barber et al. 2016). To compound 
this problem, concerns with off-target movement and tank contamination of dicamba have 
increased dramatically since the deregulation of dicamba-resistant crops by the USDA (Barber 
2016). As a result, research devoted to studying dicamba related effects on sensitive crops has 
expanded. In one such example, Barber et al. (2016) reported that dicamba drifted onto 
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reproductive soybean will affect the seed produced (offspring) and plants will subsequently 
display auxinic symptomology when planted the following season.      
Improper stewardship, poor user education, and application errors are some of the ways 
herbicides can move off target and injure adjacent production systems (Maybank et al. 1978; 
Yarpuz-Bozdogan 2011). Although new herbicides can present potential problems in terms of 
drift, they are also needed as a result of the stress weeds continue to place on current production 
systems. Florpyrauxifen-benzyl (Rinskor activeTM, Dow AgroSciences LLC, Indianapolis, IN) 
represents a new herbicide under development which will represent the second herbicide in a 
new structural class of synthetic auxins. Florpyrauxifen-benzyl exhibits unique herbicidal 
characteristics for a synthetic auxin by providing broad-spectrum, postemergence control of 
broadleaf, grass, and sedge species at low use rates. The addition of the compound to the U.S. 
rice marketplace will provide an alternative site of action (SOA) with its unique binding site, 
therefore providing an additional resistance management tool to rice (Epp et al. 2016). However, 
as with any existing or newly developed herbicide, the potential for physical, off-target 
movement exists. More specifically, within Arkansas, it is common for soybean fields to be 
located adjacent to rice fields. This occurrence results from soybean frequently grown as a 
rotational crop with rice and suggests that the potential for off-target movement of rice 
herbicides, such as florpyrauxifen-benzyl, onto soybean exists. 
While dicamba should concern soybean growers in terms of drift, little is understood 
about its impact on reproductive soybean and even less is known about how reproductive 
soybean will behave to this new auxin herbicide, florpyrauxifen-benzyl. Therefore, the purpose 
of this research was to determine the potential for florpyrauxifen-benzyl to injure reproductive 
soybean and soybean offspring relative to dicamba. It was hypothesized that florpyrauxifen-
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benzyl would injure reproductive soybean similar to dicamba and both herbicides would have 
similar negative effects on the subsequent offspring. The objectives of this research were to (1) 
evaluate and compare reproductive soybean injury and yield following applications of 
florpyrauxifen-benzyl or dicamba across various concentrations and reproductive growth stages 
and (2) determine if low-rate applications of florpyrauxifen-benzyl or dicamba to soybean in 
reproductive stages would have similar effects on the offspring produced by the affected plants.  
 
Materials and Methods 
Soybean Sensitivity to Drift Rates of Florpyrauxifen-benzyl During Reproductive 
Development. A field experiment was conducted during 2014 and repeated in 2015 at the 
University of Arkansas-Agricultural Research and Extension Center (AAREC) in Fayetteville, 
AR. The soil in the experiment included a mix of Captina silt loam (fine-silty, siliceous, active, 
mesic Typic Fragiudults) and a Leaf silt loam (fine, mixed, active, thermic Typic Albaqults). In 
both years, fields were prepared through disking and cultivating prior to planting. Each 
experimental plot contained four rows resulting in an overall plot size of 3.7 m wide by 7.62 m 
long. In both years, a glyphosate-resistant soybean (Asgrow®, Monsanto, St. Louis, MO) cultivar 
was planted. AG4730 was planted on June 20, 2014 and AG4933 was planted on May 1, 2015. 
Soybean was planted approximately 2-cm deep at 296,000 seed ha-1 using a tractor-mounted 
7200 MaxEmerge planter. Plots were irrigated four to six times using an overhead lateral 
irrigation system and kept weed free using standard soybean production practices typical for the 
region (Scott et al. 2014).  
All herbicide treatments were applied to the two center rows with a CO2-pressurized 
backpack sprayer outfitted with 110015 AIXR flat-fan nozzles (Teejet Technologies, Springfield, 
IL) calibrated to deliver 143 L ha-1 at 4.8 km hr-1. The experiment was arranged as a randomized 
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complete block design with a three-factor factorial treatment structure and four replications. 
Factor A consisted of soybean growth stage where either florpyrauxifen-benzyl or dicamba were 
applied at the R1, R2, R3, R4, or R5 growth stage. The second factor, factor B, consisted of the 
herbicide treatment where either florpyrauxifen-benzyl or dicamba (Clarity®, BASF, Research 
Triangle Park, NC) was applied. Factor C consisted of the rate of florpyrauxifen-benzyl or 
dicamba used where either 0, 1/20, or 1/160, of the 1x rate of dicamba at 560 g ae ha -1 or 
florpyrauxifen-benzyl at 30 g ae ha-1 was applied at the appropriate growth stage. In this 
experiment, applications at reproductive stages included: R1 applied at beginning bloom (one 
open flower at any node on main stem), R2 at full bloom (open flower at one of two uppermost 
nodes on the main stem), R3 at beginning pod development (pod length 0.48 cm at one of four 
uppermost nodes one the main stem), R4 at full pod development (pod length 1.9 cm at one of 
four uppermost nodes on the main stem), and R5 at beginning seed development (seed length 
1.9 cm inside a pod at one of the four most uppermost nodes on the main stem) according to 
Purcell et al. (2014).  
 Visible estimates of soybean injury were collected 14 and 28 days after treatment (DAT) 
on a scale of 0 to 100%, where 0 represented no injury and 100 represented complete crop death. 
In addition, soybean plant heights were collected 14 and 28 DAT by measuring the distance from 
the ground to the tip of the top-most fully expanded leaf from five plants within each plot. At 
maturity, the two center rows of the four-row plot were harvested using a small-plot combine and 
adjusted to 13% moisture content. Immediately following harvest, a subsample containing 150 
seeds was collected from each plot and sent to the Arkansas State Plant Board Seed Lab located 
in Little Rock, AR for germination tests. The remaining seed from each plot were stored at 0 C 
for replanting the following year in the experiment to evaluate offspring. 
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Offspring. A field experiment was conducted during 2015 and repeated in 2016 at the AAREC 
located in Fayetteville, AR. In both years, fields were prepared as mentioned in the previous 
experiment. Each experimental plot contained a single row of soybean resulting in an overall plot 
size of 0.9 m wide by 7.62 m long. As mentioned, in both years (2014 and 2015), a subsample of 
the seed collected from the previous experiment was taken out of storage and sent to the 
Arkansas State Plant Board Seed Lab in Little Rock, AR for germination and accelerated aging 
test. To test for germination potential, 100 soybean seed were subjected to warm (≥26 C), moist 
conditions for a period of 10 days determine the potential for uniform emergence and 
development. The accelerated aging test placed the seed under stressful conditions including 
high temperature (≥32 C) and humidity (80%) for a period of 11 days and was ment to estimate 
the longevity of seed and predict stand establishment. Following laboratory tests, seed were then 
taken out of storage and planted in the field on June 4, 2015 and June 14, 2016. Soybean seed 
were planted at a 2-cm depth at 150 seed plot-1 measuring 0.9 m wide by 7.62 m long using a 
tractor-mounted four-row cone planter. Plots were irrigated four to six times using an overhead 
lateral irrigation system and plots were kept weed free throughout the season. The experiment 
was arranged as a randomized complete block design with a three-factor factorial treatment 
structure and four replications (as described above). Soybean plant density was determined for 
each plot by counting the number of emerged plants 14 days after planting (DAP). Visible 
estimates of soybean injury and soybean plant height were also collected 14 and 28 DAP using 
the previously described methods. At maturity, each single row plot was harvested using a small-
plot combine and adjusted to 13% moisture content. 
Statistical Analyses. All data, except for yield, were presented as a percent of the non-treated 
check for the response parameters collected. Data were subjected to ANOVA in JMP (JMP Pro 
 121 
12, SAS Institute Inc, SAS Campus Drive, Cary, NC 27513) using the MIXED procedure with 
years analyzed together and replication included as a random variable. Means were separated 
using Fisher’s protected LSD (=0.05) 
Results and Discussion 
Soybean Sensitivity to Drift Rates of Florpyrauxifen-benzyl During Reproductive 
Development. Soybean symptomology to dicamba primarily displays itself as cupping of leaves, 
stunting, and pod malformation (Weidenhamer et al. 1989; Anderson et al. 2004; Griffin et al. 
2013). In contrast, when soybean is exposed to low rates of florpyrauxifen-benzyl it displays 
blistering, leaf and stem epinasty, and reduced growth (personal visual observation). At 14 DAT, 
visible soybean injury from the 1/20x rate of florpyrauxifen-benzyl and dicamba ranged from 6 
to 66%, across all five reproductive growth stages evaluated (Table 1). A similar trend was also 
observed 28 DAT with the 1/20x rate of dicamba causing 3 to 58% injury across all five growth 
stages. However, the highest injury typically appeared at early reproductive stages with visible 
injury becoming less prominent as growth stage progressed from R1 to R5. Barber et al. 2016 
reported similar results where visible soybean injury from dicamba was reduced as reproductive 
growth stage increased. This occurrence could be attributed to increased absorption and 
translocation of the auxinc herbicides at an early reproductive growth stage (R1) compared to 
later exposure (R5) (Devine 1989; Wanamarta and Penner 1989). Injury from the 1/160x rate of 
the herbicides was reduced relative to the 1/20x rate resulting in injury ranging from 2 to 35% 14 
DAT and 0 to 24% 28 DAT.  
 As described previously, soybean exposed to low rates of dicamba or florpyrauxifen-
benzyl can reduce soybean growth. Soybean that received no herbicide treatment measured 72 
and 86 cm, 78 and 88 cm, 83 and 89 cm, 86 and 94 cm, 89 and 98 cm at 14 and 28 DAT for R1, 
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R2, R3, R4, and R5 respectively (data not shown). Soybean plant height after 1/160x of dicamba 
at R5, 1/20x of florpyrauxifen-benzyl at R5, or 1/160x of florpyrauxifen-benzyl at R2 through 
R5 was not significantly different from the nontreated 14 or 28 DAT. However, soybean plant 
height was significantly reduced 5 to 38% and 4 to 35% from 1/20x dicamba across all 
reproductive stages 14 and 28 DAT, respectively (Table 1). High drift rates (1/20x) of 
florpyrauxifen-benzyl also reduced soybean plant height 9 to 25% and 6 to 21% across R1 to R4 
stages 14 and 28 DAT, respectively. Norsworthy et al. (2004) reported similar results where later 
applications of glyphosate onto non-resistant soybean tended to have lower soybean height 
reductions that earlier applications, likely due to soybean already reaching maximum height 
before treatment. In addition to soybean growth stage, drift rate of the herbicides also impacted 
the severity in which soybean plant height was reduced. In general, both herbicides tended to 
cause less height reduction at the lower drift rate (1/160x) compared to the high rate (1/20x). 
Previous research also reported lower rates of auxinic herbicides to have less of an impact on 
soybean plant height (Al-Khatib and Peterson 1999; Griffin et al. 2013).   
 Soybean yields after application of dicamba and florpyrauxifen-benzyl were significantly 
reduced compared to the nontreated (2,620 kg ha-1) when they were applied at the 1/20x rate 
from R1 though R4 (Table 1).  In addition, the 1/160x rate of dicamba also caused a 15 and 11% 
yield reduction following applications at R1 and R2, respectively. No significant yield reductions 
were observed with the 1/160x rate of florpyrauxifen-benzyl across all reproductive growth 
stages evaluated.  
Offspring.  Germination of the offspring from dicamba and florpyrauxifen-benzyl-treated 
soybean plants was negatively affected (Table 2). For both herbicides, the 1/20x rate reduced 
germination at the R4 (62% dicamba, 50% florpyrauxifen-benzyl) and R5 (69% dicamba, 58% 
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florpyrauxifen-benzyl) growth stages. All other rates and timings were not significant. 
Germination following accelerated aging increased germination reductions with the 1/20x rate of 
dicamba causing 18 to 77% reduction when applied from R2 to R5. The high rate (1/20x) of 
florpyrauxifen-benzyl caused 24 to 69% germination reduction when treated from R3 to R5. All 
other rates and timings of the herbicides did not reduce germination in the accelerated aging test. 
These results are consistent with previous research conducted on offspring following drift rates 
of dicamba on paraent plants.  In the previous trials, a reduction in seedling vigor occurred when 
dicamba was applied to soybean plants in later reproductive growth stages (Barber 2016).  While 
both herbicides caused reduced germination of offspring at the 1/20x rate at R4 and R5, only 
dicamba caused significant reduction at the R3 growth stage in the accelerated aging test. 
 After planting the seed from the parent plants that were treated the previous year, 
soybean density and plant heights were not reduced relative to the nontreated when either 
herbicide was applied at 1/160x across all stages or at 1/20x from R1 though R3 and therefore 
were excluded from the analysis (Table 3). However, soybean density 14 DAP was reduced for 
offspring originating from plants treated with 1/20x of either  herbicide at R4 or R5 (14 and 24% 
for dicamba at R4 and R5 respectively; 11 and 15% for florpyrauxifen-benzyl at R4 and R5, 
respectively). Likewise, plant height of the offspring 14 DAP was reduced by 1/20x of dicamba 
at R4 (7%) and R5 (20%) as well as florpyrauxifen-benzyl at R4 (5%) and R5 (15%). Similar 
reductions resulted 28 DAP. These findings match previous research in that reduction in soybean 
plant height likewise translated into yield loss (Anderson et al. 2014; Auch and Arnold 1978; 
Griffin et al. 2013; Kelley et al. 2005; Wax et al. 1969; Weidenhamer et al. 1989). Dicamba 
applied at a rate of 1/20x at R4 and R5 resulted in a 20 and 35% yield reduction, respectively. A 
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similar reduction occurred when florpyrauxifen-benzyl was applied at R4 and R5 at the 1/20x 
rate, resulting in 15 to 24% yield loss.    
Conclusions and Practical Implications . Based on data from these experiments, soybean is 
sensitive to high drift rates (1/20x) of dicamba and florpyrauxifen-benzyl during later 
reproductive growth stages and these herbicides could cause adverse effects in offspring. 
Therefore, it is concluded that florpyrauxifen-benzyl can injure reproductive soybean similar to 
dicamba and both herbicides can have similar negative effects on the subsequent offspring. To 
circumvent this occurrence, several practices are recommended: 1) mitigate the likelihood of 
physical drift by following label restrictions specifically outlining proper wind speed, application 
speed, boom height, nozzle selection, and application volume (Maybank et al. 1978; Wolf et al. 
1992; Womac et al. 1997; Yarpuz-Bozdogan 2011) and 2) understand the sensitivity and 
subsequent risk of these herbicides when applying and/or making recommendations near 
sensitive crops such as soybean. However, with the anticipated application timing for 
florpyrauxifen-benyzl being prior to flood establishment in rice (H. Miller, personal 
communication), it is unlikely that applications would coincide later reproductive development 
stages of soybean. Nevertheless, it is suggested that growers utilize caution when planting 
soybean adjacent to a rice field where florpyrauxifen-benzyl could be applied. Additional 
research is needed to determine the response of soybean under different conditions such as early 
vs. late maturity groups, drilled vs. bedded, and narrow vs. wide row spacing.  
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Table 1. Soybean injury, plant height reduction, and yield as affected by drift rates of dicamba or florpyrauxifen-benzyl applied at 
various reproductive growth stages combined over years.a  
     Injury Plant height 
Yield 
Herbicide Herbicide rate Growth stage  14 DATb 28 DAT 14 DAT 28 DAT 
 Fraction g ae ha-1   -------- % -------- ---% reductionc--- kg ha
-1 
Nontreated 0 0 -  - - - - 2620 a 
               
Dicamba 1/20 28 R1  61 a 53 ab 38 a 35 a 1570 g 
R2  48 b 46 c 27 b 22 b 1860 f 
R3  36 c 30 d 19 de 15 cd 2040 def 
R4  27 d 22 e 14 fg 12 def 2150 bcde 
R5  11 fgh 10 g 5 i 4 hi 2560 a 
         
1/160 3.5 R1  35 c 24 de 22 cd 18 bc 2260 bc 
R2  24 de 19 ef 15 ef 11 def 2330 b 
R3  18 ef 15 fg 10 gh 9 efg 2510 ab 
R4  12 fg 7 gh 8 hi 5 ghi 2590 a 
R5  4 ghi 1 hi 0 j 0 i 2600 a 
          
Florpyrauxifen-
benzyl 
1/20 1.5 R1  66 a 58 a 25 bc 21 b 1960 ef 
R2  51 b 48 bc 22 cd 20 b 2090 cde 
R3  31 cd 25 de 14 fg 13 cde 2170 bcd 
R4  18 ef 13 fg 9 hi 6 fgh 2460 ab 
R5  6 ghi 3 hi 0 j 0 i 2600 a 
         
1/160 0.1875 R1  12 fg 6 hi 7 hi 5 ghi 2610 a 
R2  11 fgh 2 hi 0 j 0 i 2610 a 
R3  9 ghi 1 hi 0 j 0 i 2600 a 
R4  3 ghi 0 i 0 j 0 i 2590 a 
R5  2 i 0 i 0 j 0 i 2600 a 
a Means within columns followed by different letters are significantly different using Fisher’s protected LSD (α = 0.05).  
b DAT=days after treatment 
cNontreated control measured 72 and 86 cm, 78 and 88 cm, 83 and 89 cm, 86 and 94 cm, 89 and 98 cm at 14 and 28 DAT for R1, R2, 
R3, R4, and R5 respectively 
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Table 2. Soybean offspring germination reduction and accelerated aging as affected by drift rates of dicamba or florpyrauxifen-benzyl 
applied at various reproductive growth stages combined over years.ab 
     Germination 
reduction 
Germination reduction 
following accelerated aging Herbicide Herbicide rate Growth stage  
 Fraction g ae ha-1   ------------ % reduction of nontreated ------------- 
Nontreated 0 0 -  - - 
         
Dicamba 1/20 28 R1  0 b 0 g 
R2  5 b 18 ef 
R3  7 b 45 cd 
R4  62 a 64 abc 
R5  69 a 77 a 
        
1/160 3.5 R1  0 b 0 g 
R2  0 b 0 g 
R3  0 b 0 g 
R4  2 b 4 fg 
R5  4 b 9 fg 
         
Florpyrauxifen-
benzyl 
1/20 1.5 R1  0 b 0 g 
R2  0 b 7 fg 
R3  4 b 24 e 
R4  50 a 58 bcd 
R5  58 a 69 ab 
        
1/160 0.1875 R1  0 b 0 g 
R2  0 b 0 g 
R3  0 b 0 g 
R4  2 b 3 fg 
R5  2 b 6 fg 
aMeans within columns followed by different letters are significantly different using Fisher’s protected LSD (α = 0.05).  
bNontreated had an average germination rate of 88% and 69% germination after accelerated aging.  
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Table 3. Reduction in offspring of soybean stand reduction and plant height and soybean yield as affected by drift rates of dicamba or 
florpyrauxifen-benzyl applied at various reproductive growth stages combined over years.ac  
     Stand reduction Plant height reduction 
Yield 
Herbicide Herbicide rate Growth stage  14 DAPb 14 DAP 28 DAP 
 Fraction g ae ha-1   -----------% reduction of nontreatedc------------ kg ha-1 
Nontreated 0 0 -  - - - 2130 a 
          
Dicamba 1/20 28 R1  - - - 2100 a 
R2  - - - 2020 a 
R3  - - - 1980 a 
R4  14 b 7 b 7 bc 1700 b 
R5  24 a 20 a 17 a 1380 b 
          
1/160 3.5 R1  - - - 2120 a 
R2  - - - 2110 a 
R3  - - - 2110 a 
R4  - - - 2080 a 
R5  - - - 2040 a 
           
Florpyrauxifen-
benzyl 
1/20 1.5 R1  - - - 2100 a 
R2  - - - 2090 a 
R3  - - - 2040 a 
R4  11 b 5 b 6 c 1810 b 
R5  15 b 15 a 13 ab 1620 b 
          
1/160 0.1875 R1  - - - 2120 a 
R2  - - - 2120 a 
R3  - - - 2120 a 
R4  - - - 2110 a 
R5  - - - 2090 a 
a Means within columns followed by different letters are significantly different using Fisher’s protected LSD (α = 0.05).  
b DAP=days after planting 
cNontreated control measured 144 per plot with heights of 13 and 20 cm 14 and 28 DAP, respectively.        
 
1
2
9
 
 130 
Chapter 7 
Influence of Soil Moisture on Absorption, Translocation, and Metabolism of 
Florpyrauxifen-benzyl in Barnyardgrass, Hemp Sesbania, and Yellow nutsedge  
Abstract 
Florpyrauxifen-benzyl is a new active ingredient that represents an additional tool in rice weed 
control by providing an alternative mechanism of action. Studies were conducted to evaluate 
florpyrauxifen-benzyl absorption, translocation, and metabolism in three problematic weeds as 
influenced by soil moisture. In the absorption/translocation study, barnyardgrass, hemp sesbania, 
and yellow nutsedge were treated with 14C-florpyrauxifen-benzyl under two soil moisture 
regimes (7.5 and 60% field capacity). More translocation of the herbicide to the area above the 
treated leaf occurred under saturated (60% soil moisture content) versus dry (7.5% soil moisture 
content) soil across all weed species. Hemp sesbania translocated 25% of the absorbed herbicide 
above the treated leaf which was greater than the other two weed species at 60% soil moisture. 
However, no differences in translocation occurred amongst the weed species at the 7.5% soil 
moisture regime. In the metabolism study, 95% of the herbicide recovered was in its acid form 
under the high soil moisture regime for hemp sesbania, a species that shows extreme sensitivity 
to even low doses of this herbicide. While these data provide a limited view into the 
physiological processes being affected, it does suggests that for barnyardgrass, hemp sesbania, 
and yellow nutsedge soil moisture content in the field will likely play a significant role in 
absorption, translocation, and metabolism of florpyrauxifen-benzyl.  
Nomenclature: Florpyrauxifen-benzyl; barnyardgrass, Echinochloa crus-galli (L.) Beauv.; 
hemp sesbania, Sesbania herbacea (P. Mill.); yellow nutsedge, Cyperus esculentus L.; rice, 
Oryza sativa L. 
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Key words: 14C, absorption, florpyrauxifen-benzyl, metabolism, radioactivity, soil moisture, 
translocation, weed control.  
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Introduction 
In the absence of effective sites of action, weeds such as barnyardgrass, hemp sesbania, 
and yellow nutsedge continue to threaten rice production systems. According to a recent survey, 
barnyardgrass is the most problematic weed in Arkansas rice with hemp sesbania and yellow 
nutsedge listed as the seventh and eighth most problematic weeds, respectively (Norsworthy et 
al. 2013).  Florpyrauxifen-benzyl (Dow AgroSciences LLC, Indianapolis, IN) is a new herbicide 
being developed for use in rice. It is a member of a new auxin herbicide family and will provide 
a novel site of action in rice production (Epp et al. 2016). Structurally, florpyrauxifen-benzyl is 
comprised of a highly substituted 4-amino-pyridine ring (4-amino-3-chloro-6-(4-chloro-2-fluoro-
3-methoxyphenyl)-5-fluro-pyridine-2-benzel ester) that shares many characteristics with 
halauxifen-methyl (ArlyexTM active, Dow AgroSciences LLC, Indianapolis, IN), an active 
ingredient in numerous new herbicide products (Figure 1). Weeds treated with florpyrauxifen-
benzyl typically exhibit auxin like symptoms shortly after application and molecular studies 
revealed the new herbicide exhibits strong binding affinity for auxin signaling F-box proteins 
with preference for the AFB5-Aux/IAA co-receptor, instead of favoring TIR1, which is the case 
with 2,4-D and other auxin herbicides (Bell et al. 2015; Jeschke 2015a). Previous research has 
indicated that in rice, the herbicide should be applied preflood to receive its full herbicidal 
benefits, suggesting that soil moisture has an impact on efficacy (H. Miller, personal 
communication). For many rice producers, fields are flooded using a levee-based irrigation 
system where water is introduced to the field at its highest point and flows across the field via 
gravitational flow through a series of gates and levees (Hardke 2014). Additional systems 
include zero grade, where the field is precision leveled and the the entire field is simultaneously 
flooded as well as multiple inlet rice irrigation. 
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The influence of soil moisture on the activity of herbicides has been well documented 
(Ahmadi et al. 1980; Hinz and Owen 1994; Levene and Owen 1995; Moyer 1987; Peregoy et al. 
1990; Zhang et al. 2001). Green and Obien (1969) concluded that soil moisture impacted 
herbicidal activity for soil-applied herbicides with low adsorptive characteristics. For soil-
applied herbicides, characteristics such as solubility, soil organic carbon-water partitioning 
coefficient (Koc), and half-life are typically used as a means of indication for activity. The 
chemical characteristics for florpyrauxifen-benzyl relative to other auxin herbicides used in rice 
are quite different. Triclopyr (Grandstand®, Dow AgroSciences LLC, Indianapolis, IN) a 
postemergence (POST) option in flooded rice, is highly water soluble (430 ppm L-1), loosely 
bound to soil (Koc = 20 mg L-1) and has a DT50 in soil ranging from 10 to 46 days (Vencil 2002). 
Florpyrauxifen-benzyl, however, has low water solubility (0.015 ppm L-1), is tightly bound to 
soil (32,400 mg L-1), and has a DT50 in soil of 1 to 10 days (M. Weimer, personal 
communication). These characteristics are an indication that florpyrauxifen-benzyl would likely 
have limited soil activity and would primarily behave as a foliar herbicide.  
While florpyrauxifen-benzyl has in fact been developed as a foliar herbicide, soil 
moisture can also have a significant impact on the efficacy of foliar-applied herbicides. Research 
conducted on glyphosate, one of the most popular foliar-applied herbicides in the world, found a 
significant reduction in junglerice [Echinochloa colona (L.) Link] control with glyphosate 
applied under dry compared to moist soil conditions (Tanpipat et al. 1997). Additional research 
has reported similar occurrences. In one such example, Boydston (1990) found low soil moisture 
to reduce the effectiveness of sethoxydim on green foxtail [Setaria viridis (L.) Beauv.]. In 
another, glyphosate control of common milkweed (Asclepias syriaca L.) was reduced under low 
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soil moisture conditions as a result of a decrease in absorption and translocation (Waldecker and 
Wyse 1985).  
With the introduction of a new active ingredient into flooded rice production, 
understanding the extent that soil moisture impacts herbicidal efficacy will be critical in the 
development of effective use patterns. It was hypothesized that florpyrauxifen-benzyl absorption, 
translocation, and metabolism would generally improve as soil moisture increased. The 
objectives of this research were to (1) evaluate whether soil moisture status would impact 
absorption and translocation of florpyrauxifen-benzyl and (2) determine if metabolism of 
florpyrauxifen-benzyl would differ across soil moisture regimes. 
 
Materials and Methods 
Absorption and Translocation. A greenhouse experiment was conducted and repeated during 
the fall of 2016 at the University of Arkansas - Altheimer laboratory in Fayetteville, AR. The 
experiment was conducted to evaluate the effect of soil moisture on absorption and translocation 
of florpyrauxifen-benzyl. Preliminary field studies indicated that soil moisture had some impact 
on the efficacy of the herbicide, especially when soil moisture conditions were extreme (i.e. very 
dry or very wet). Weeds evaluated included barnyardgrass, hemp sesbania, and yellow nutsedge. 
These weeds were selected due to their problematic nature in rice production as well as to gain 
information on a grass, broadleaf, and sedge species. Seed or tubers from each species were 
sown in individual pots in a greenhouse with 32/22 C day/night temperatures and later thinned to 
one plant per pot. The soil included a Leaf silt loam (fine, mixed, active, thermic Typic 
Albaqults) containing 1.8% organic matter and pH of 6.1. 
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To achieve accurate soil moisture regimes a soil moisture retention curve was developed 
and used to determine the gravimetric moisture tension of the soil. The soil moisture content 
measured 30% at field capacity. The experiment was run twice and was arranged as a completely 
randomized design with a two-factor factorial treatment structure and three replications. The first 
factor consisted of the weed species where either barnyardgrass, hemp sesbania, or yellow 
nutsedge were subjected to the herbicide and soil moisture conditions. The second factor 
included the two moisture regimes where the soil moisture was either maintained saturated at 
60% (2 times field capacity) or 7.5% (0.25 times field capacity). Soil moisture regimes were 
imposed after plant thinning but prior to herbicide application for a period of  ≥4 days. The plant 
material was harvested either 0 or 48 hr after treatment. Cold herbicide treatments of 
florpyrauxifen-benzyl at 30 g ae ha-1 were applied POST at the 3- to 4-leaf growth stage to all 
weed species to simulate an early-POST or preflood application timing in rice. Applications were 
applied inside a stationary spray chamber with a two-nozzle boom track sprayer fitted with flat-
fan 800067 nozzles (TeeJet Technologies, Springfield, IL) calibrated to deliver 187 L ha -1 at 276 
kPa. Herbicide treatments also contained 1% v/v methylated seed oil concentrate (MSO 
concentrate with LECI-TECH, Loveland Products, Loveland, CO).  
Following the cold application, treated plants were moved into a dedicated 14C laboratory 
where four 1-μl droplets containing 25,000 dpm of 14C-florpyrauxifen-benzyl were applied 
evenly across the adaxial leaf surface using a repetitive microsyringe. Two droplets were placed 
on one side of the midrib while two were placed on the other, resulting in approximately 100,000 
dpm applied to each treated leaf. Immediately after spotting, half of the plants were dissected 
into four sections (treated leaf, area above the treated leaf, area below the treated leaf, and roots). 
Each plant section was rinsed with 5 ml of a 50/50 deionized water/methanol solution by placing 
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the plant section in a 20-ml scintillation vial, gently swirling and then removing the section. 
Following the wash, 10 ml of scintillation cocktail (Ultima GoldTM, PerkinElmer Inc. Waltham, 
MA) was added to the 5 ml wash solution. Concurrently, the remaining plants were returned to 
the greenhouse and soil moisture treatments were maintained.  These plants were later collected 
at 48 hr after treatment for the same dissection process as previously outlined. After segmenting 
each plant, samples were placed in an oven at 30 C for a period of 96 hr. Samples were then 
oxidized in a biological oxidizer (OX-500, R.J. Harvey Instrument Corporation, Tappan, NY) to 
collect the radioactivity present within the tissues of the separated plant parts by trapping the 
14CO2 in a scintillation cocktail. Treated leaf wash and oxidized samples were analyzed for the 
presence of radioactivity in a liquid scintillation analyzer (Tri-Carb 2900TR Liquid Scintillation 
Analyzer, PerkinElmer Inc. Waltham, MA). Absorption of applied 14C-florpyrauxifen-benzyl 
was calculated as a percentage of the amount found in the leaf wash and within the plant for each 
of the dissected plant parts analyzed. Translocation of the herbicide within the plant was based 
on the total amount absorbed divided by the amount detected in each plant section.   
Metabolism. Plants used in the metabolism experiment were produced using the same procedure 
as outlined in the absorption and translocation experiment. Once plants reached the 3- to 4-leaf 
growth stage, four, 0.2086 μg μL-1 droplets of a florpyrauxifen-benzyl were applied evenly 
across the adaxial leaf surface using a 1-μL repetitive microsyringe. The solution used for the 
droplets was the same concentration that would occur in a typical florpyrauxifen-benzyl 30 g ae 
ha-1 spray solution and contained the appropriate adjuvant load (1% v/v MSO). Two droplets 
were placed on one side of the midrib and two on the other side, resulting in 0.8345 μg of 
florpyrauxifen-benzyl active ingredient applied to each treated leaf. For the 48 hr harvest time, 
the treated leaf from each plant was then sectioned and placed in 15 mL tubes to be freeze dried 
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(Botanique model 18DX48SA, Botanique Preservation Equipment, Phoenix, AZ) at -30 C for 72 
hr to cease further metabolic activity within the plant tissue.  
For the extraction, samples were transferred into 50 mL centrifuge tubes and 20 mL of 
extraction solution (90/10 acetonitrile/0.1N HCL) were added to each tube. Each sample was 
homogenized for 60 sec using a 10 mm probe in a Tomtec homogenizer (Tomtec Autogizer, 701 
series, Hamden, CT 06514). To extract any remaining herbicide residue from the treated leaf, 
samples were placed on a flatbed shaker for 60 min at approximately 180 excursions/minute. 
Samples were then centrifuged for 5 min at 2000 rpm and an aliquot of 2 mL was collected from 
each sample and placed into a 16 x 100 mm culture tube where 50 L of a 10/90 
glycerol/methanol solution and 100 L of 0.01 g mL-1 internal standard were added. 
Immediately following, the samples were evaporated using an automated evaporation system 
(TurboVap®, Biotage USA LLC, Charoltte, NC) until approximately 200 to 300 L remained 
and were then reconstituted with 1 mL of 50/50 acetonitrile/methanol and volume adjusted to 2 
mL using water containing 0.1% formic acid. Instrumentation used for analysis of the parent 
molecule and primary metabolites included: Agilent 1290 Infinity LC System, AB SCIEX API 
6500 LC/MS/MS System with a Phenomenex Kinetiex 2.6u, PFP 100A column (Agilent 
Technologies, Santa Clara, CA). Absorption of applied florpyraufien-benzyl was calculated as a 
percentage for the treated leaf.  
Statistical Analyses. For both experiments, data were subjected to ANOVA using the MIXED 
procedure in JMP (JMP, Version 12; SAS Institute Inc, Cary, NC). Weed species and soil 
moisture were analyzed as fixed effects while experimental run and replication nested within 
experimental run were random effects. Where the ANOVA indicated significant differences, 
means were separated with Fisher’s protected LSD (=0.05).  
 138 
Results and Discussion 
Absorption. A significant two-way interaction (P≤0.05) for the weed species evaluated and soil 
moisture regime was observed (Table 1). Very little of the radiolabeled herbicide was absorbed 
in any of the species 0 hr after application (≤4%) (data not shown). As a consequence, most of 
the herbicide applied was recovered in the treated leaf wash 0 hr after application. At 48 hr after 
application, 97, 90, and 86% of the applied 14C-florpyrauxifen-benzyl was absorbed into the 
treated leaf of barnyardgrass, hemp sesbania, and yellow nutsedge, respectively (Table 1). It was 
mentioned previously that preliminary field research on this herbicide has indicated that it 
performs better when applied immediately prior to flooding, indicating that herbicidal efficacy 
will likely improve with the addition of soil moisture close to the time of application. Evidence 
of this occurrence was observed via contrast statements which revealed greater absorption of 
14C-florpyrauxifen-benzyl into the treated leaf of all weed species under moist versus dry soil 
conditions (Table 1). Similarly, the absorption of 14C-florpyrauxifen-benzyl into the treated leaf 
48 hr after application was the greatest in all three weed species under the 60% soil moisture 
regime. This result thereby confirms that soil moisture can play a significant role in absorption of 
the herbicide in species in which it is typically efficacious.   
Translocation. From the amount of of 14C-florpyrauxifen-benzyl absorbed into the treated leaf,  
hemp sesbania had the highest amount of translocation to plant tissue above the treated leaf 
(25%) when subjected to 60% soil moisture content (Table 1). In addition, 14 and 13% of the 
radiolabeled herbicide translocated to the area above the treated leaf for barnyardgrass and 
yellow nutsedge respectively, when subjected to the same soil moisture treatment. All other 
treatments translocated less 14C-florpyrauxifen-benzyl to the area above the treated leaf. For the 
area below the treated leaf, barnyardgrass and hemp sesbania translocated 9 and 7% of the 
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herbicide respectively, while only 6% translocated in yellow nutsedge under the 60% soil 
moisture treatment. This amount of translocation would be expected for barnyardgrass being that 
it is a monocot with its meristematic tissue remaining at or near the soil line until reproductive 
growth stages (Mitich 1990). Very little of the herbicide was translocated to the root portion of 
the three weed species with only 4, 2, and 3% recovered from barnyardgrass, hemp sesbania, and 
yellow nutsedge respectively, under 60% soil moisture.   
Most of the 14C-florpyrauxifen-benzyl applied remained in the treated leaf  (73% 
barnyardgrass, 66% hemp sesbania, 77% yellow nutsedge) under high moisture content (Table 
1). However, total amount of translocation out of the treated leaf (sum of recovered percentages 
including: area above, below, and roots/tubers) for barnyardgrass, hemp sesbania, and yellow 
nutsedge summed to 27, 34, and 23%, respectively, under the high moisture regime. This amount 
of translocation appears to be consistent with other auxinic rice herbicides that have systemic 
activity such as 2,4-D and quinclorac. Shultz and Burnside (1980) reported that 31% of 14C-2,4-
D was translocated in the broadleaf species hemp dogbane (Apocynum cannabinum L.) 3 days 
after application. In a similar study, 33% translocation of 14C-2,4-D was observed in Canada 
thistle (Cirsium arvense) (Turnbull and Stephenson 1985). Furthermore, Lovelace et al. (2007) 
found 33% of 14C-quinclorac to translocate out of the treated leaf of a susceptible barnyardgrass 
biotype. Under dry soil conditions, total translocation out of the treated leaf for barnyardgrass, 
hemp sesbania, and yellow nutsedge summed to 11, 16, and 7%, respectively.   
Even with significant translocation, other plant compounds or hormones are also likely 
being expressed which are causing the visible basal swelling and callus production typically 
observed in the field following florpyrauxifen-benzyl applications. It is also important to 
consider that the amount of translocation will vary according to various factors such as 
 140 
temperature, weed species, and proximity to sink tissue (Devine et al. 1993; Price and Hutchings 
1992; Price et al. 1992). While these data only provide a limited view into the physiological 
processes impacted, it does highlight that soil moisture can influence absorption and 
translocation of florpyrauxifen-benzyl.  
Metabolism. Data from the absorption and translocation experiment indicated that most of the 
herbicide applied remained in the treated leaf therefore metabolism data will only be discussed 
for the treated leaf. Similar to the absorption and translocation experiment, the ANOVA 
indicated a significant two-way interaction between the weed species evaluated and soil moisture 
regime for metabolism of florpyrauxifen-benzyl (Table 2). For the benzyl ester, low amounts 
were recovered 48 hr after application (≤18%) for any of the weed species regardless of soil 
moisture signifying the conversion of the parent into the various metabolites within the leaf 
tissue. This result was excepted as the benzyl ester is the applied form of the herbicide. Being 
that florpyrauxifen is an auxin mimic, and a proherbicide, previous research has indicated that it 
can be metabolically converted in weeds through enzymatic hydrolysis into its active acid form 
(Jeschke 2015b; Epp 2016). Therefore, it would be expected to find less of the benzyl ester form 
of the herbicide 48 hr after applying due to its opportunity to be metabolized by the weed.    
For each of the weed species evaluated, significantly more of the acid (active form of the 
herbicide) was recovered from each of the weed species when it was subjected to 60% moisture 
content compared to 7.5% (Table 2). This signifies that under a relatively short period of time 
(48 hrs) weeds are able absorb the herbicide, and under higher soil moisture will likely result in 
increased conversion of the benzyl ester into the acid, or active form of the herbicide. As a result, 
this occurrence could lead to increased efficacy. Very little of the benzyl hydroxyl, non-
herbicidal metabolite, was recovered across the entire experiment and no significant differences 
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were observed among the two soil moisture contents (P≥0.05). For the hyroxdy acid, another 
non-herbicidal metabolite, barnyardgrass and yellow nutsedge contained the highest amount 48 
hr after treatment regardless of soil moisture regime. In contrast, hemp sesbania contained very 
little of the metabolite across either harvest time or soil moisture likely due to the large amount 
of conversion to the acid.    
Overall, a significantly greater amount of the parent and each of its primary metabolites, 
with the exception of the benzyl hydroxyl, were recovered under saturated (60% soil moisture 
content) versus dry (7.5% soil moisture content) soil across all weed species (P≤0.05) (Table 2). 
As mentioned previously, these data only provide a limited view into the physiological processes 
being effected. However, this research does highlight that soil moisture conditions have a 
significant impact on metabolism of florpyrauxifen-benzyl and can therefore play a significant 
role in conversion of the herbicide into its active form.          
Conclusions and Practical Implications. In conclusion, this research suggests that for 
barnyardgrass, hemp sesbania, and yellow nutsedge soil moisture can play a significant role in 
the absorption, translocation, and metabolism, as observed in various other POST applied 
herbicides (Boydston 1990; Tanpipat et al. 1997; Waldecker and Wyse 1985). Therefore, we fail 
to reject our hypothesis and accept that florpyrauxifen-benzyl absorption, translocation, and 
metabolism improved under the higher soil moisture condition. For rice producers who choose to 
adopt this new herbicide, when commercialized, it would appear evident that soil moisture 
should be near or above field capacity close to the time of application. With an anticipated 
preflood application timing, flooding shortly after application would also seem to be a suggested 
practice in order to increase weed uptake, translocation, and metabolism of the herbicide. In 
addition to flooding, it is not uncommon for rice producers in the southern United States to 
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irrigate their fields prior to establishing a flood in order to maintain optimum soil moisture 
(Hardke 2014). This practice would also likely result in soil moisture conditions conducive for 
florpyrauxifen-benzyl to achieve its full herbicidal potential. It is important to note that the 
outcomes from this research, while significant, only evaluated three weed species under two soil 
moisture regimes. Further research should be performed on numerous other weed species, under 
different soil types, over more time intervals to better understand the processes weeds are 
undergoing.     
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Table 1. Influence of weed species and soil moisture on foliar absorption and translocation of 14C-florpyrauxifen-benzyl, averaged 
across experimental runs 48 hours after application.ab 
   
Recovery of 14C-florpyrauxifen-benzyl 
   
Weed species  Soil moisture 
Leaf 
wash 
Treated 
leaf 
Treated 
leaf 
Above the 
treated leaf 
Below the 
treated leaf 
Roots/tubers 
  % -------% applied--------      ----------------------------- % of absorbed----------------------------- 
Barnyardgrass  
60 3 da 97 a 73 c 14 b 9 a 4 a 
7.5 44 b 54 c 89 ab 7 c 4 cd 0 c 
          
Hemp sesbania  
60 10 cd 90 ab 66 d 25 a 7 ab 2 b 
7.5 47 b 53 cd 84 b 15 b 1 e 0 c 
          
Yellow nutsedge  
60 14 c 86 b 77 c 13 b 6 bc 4 a 
7.5 56 a 44 d 93 a 5 c 2 de 0 c 
Contrast (p-value)        
Dry soil vs. moist soil 0.024 0.003 0.016 0.029 NS NS 
aMeans within a column followed by different letters are significantly different using Fisher’s protected LSD (=0.05).  
bNS=not significant according to orthogonal contrast.  
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Table 2. Influence of weed species and soil moisture on metabolism of florpyrauxifen-benzyl in the treated leaf,  
averaged across experimental runs 48 hours after application.ab  
   
Form of florpyrauxifen-benzyl recovered  
   
Weed Species  Soil moisture  Benzyl ester Acid 
Benzyl 
hydroxy 
Hydroxy 
acid 
  %  --------------------------------%-------------------------------- 
Barnyardgrass  
60   0 ca 81 bc 0 b 19 b 
7.5   9 b 67 de 0 b 24 a 
         
Hemp sesbania  
60   2 c 95 a 2 a 1 c 
7.5   12 b 83 b 1 a 4 c 
         
Yellow nutsedge  
60   2 c 74 cd 0 b 24 a 
7.5   18 a 61 e 0 b 21 ab 
Contrast (p-value)       
Dry soil vs. moist soil  0.013 0.019 NS 0.028 
aMeans within a column followed by different letters are significantly different using Fisher’s protected LSD (=0.05).  
bNS=not significant according to orthogonal contrast. 
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Figure 1. Florpyrauxifen-benzyl structure for the formulated benzyl ester parent and primary metabolites. Source: Dow AgroSciences   
LLC
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General Conclusions 
 
 Proper utilization of application technology (e.g. nozzle selection, spray volume, and 
herbicide rate) and rotation of chemistry will lead to effective and sustainable use of 
florpyrauxifen-benzyl. As demonstrated, florpyrauxifen-benzyl can control barnyardgrass 
accessions collected from a broad geographical region as well as ALS-, quinclorac-, and 
propanil-resistant biotypes. Opportunities also exist to tank-mix this new herbicide with already 
existing rice herbicides. New herbicide actives such as florpyrauxifen-benzyl, that provide new 
SOA introduction will provide an alternative resistance management tool. Although soybean 
does express significant sensitivity to low rates of florpyrauxifen-benzyl, lower rates such as 
1/160x to 1/640x are far less damaging to soybean than dicamba, which is a primary concern to 
growers and applicators. However, if high rates of the herbicide come in contact with soybean, 
injury will be similar or worse than that of dicamba. In any case, applicators can minimize off-
target movement by avoiding applications when wind speeds are in excess of the label 
restrictions and using lower pressure combined with high spray volumes whenever possible.  
 Environmental factors are a challenging issue in the behavior and activity of herbicides. 
Florpyrauxifen-benzyl has shown favorable environmental characterisitics with a short half-life 
and low toxicity to many crops commercially produced in Arkansas. Soil moisture will not only 
play a critical role in management of plant-back restriction but will also influence efficacy of the 
herbicide applications. For species such as barnyardgrass, which has evolved resistance to 
numerous rice herbicides including quinclorac (an auxinic herbicide), maximizing efficacy of the 
florpyrauxifen-benzyl will be necessary for mitigating the evolution of herbicide-resistance. 
Combination of other effective sites of action will also be mandatory. In summary, these 
experiments aim to serve as a starting point towards the characterization and overall 
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understanding of a brand new herbicide active ingredient. Furthermore, these results show that 
florpyrauxifen-benzyl, when commercialized, will provide a beneficial addition to weed control 
programs in rice and can be optimized by application technology and enivronmental conditions. 
